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PREFACE. 


THE present volume contains fifteen papers presented at the Autumn 
Meeting held in Diisseldorf on September 21 and 22, 1936, together 
with the discussions and correspondence on them. A number of 
these papers were also presented at an Additional Meeting of the 
Institute held in London on October 29 and 30, 1936, which was 
arranged in order to provide more time for their consideration. 
Discussions which took place at these sessions are also included in 
this volume. 

The functions held and the works visited during the Meeting in 
Diisseldorf are also reported. Biographical notes on the careers of 
deceased members are to be found at the end of Section I. 

Three Special Reports were also presented at these Meetings, 
namely, Special Report No. 13, ‘‘ Fourth Report of the Corrosion 
Committee,” Special Report No. 14, “ First Report of the Alloy 
Steels Research Committee,”’ and Special Report No. 15, “‘ Second 
Report of the Steel Castings Research Committee,” all being Reports 
of Joint Committees of the Iron and Steel Institute and the British 
Iron and Steel Federation to the Iron and Steel Industrial Research 
Council. In order that the discussions and correspondence on these 
Reports may be available in a convenient form they are not included 
in the respective volumes, but will be published separately as supple- 
ments to the individual Special Reports. 

Section II. is devoted to a survey of the literature on the manu- 
facture and properties of iron and steel and kindred subjects, and 
consists of a collection of abstracts of articles from the Transactions 
and Proceedings of scientific societies and from the technical press. 
This Section also contains reviews of recent books and bibliographies 
of literature dealing with the manufacture and properties of iron 
and steel. The matter included in this Section has already appeared 
in the Bulletin of the Iron and Steel Institute which is issued 
monthly. 

In front of the title page is inserted a list of the British Standard- 
ised Steel Samples, issued jointly by the Iron and Steel Institute 
and the National Physical Laboratory, showing where and on what 
terms the samples are available. Proposal forms for Membership 
_ Associateship of the Institute will also be found in the same 
place. 


28, Victoria STREET, 
Lonpon, S.W. 1. 
3lst December, 1936. 
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MINUTES OF PROCEEDINGS 


AND 
PAPERS AND DISCUSSIONS 


AT THE 


AUTUMN MEETING IN DUSSELDORF 


AND AT THE 


ADDITIONAL MEETINGS IN LONDON, 1936. 


THE AuTUMN MEETING OF THE IRON AND STEEL INSTITUTE was 
held in Diisseldorf on Monday and Tuesday, September 21 and 22, 
and took place in the Stadtische Tonhalle. The session on Tuesday 
morning constituted a Joint Meeting of the Institute with the Verein 
deutscher Eisenhiittenleute. 

In order to give further opportunities for the discussion of papers, 
time at Diisseldorf having been insufficient, Additional Meetings 
were held in London on Thursday and Friday, October 29 and 30, 
and took place, by kind permission, in the Lecture Theatre of the 
Institution of Civil Engineers. 


Meeting in Diisseldorf. 


At the opening session on Monday, September 21, at 9.45 A.m., 
Dr. Fritz Springorum, Chairman of the Reception Committee, was 
in the Chair, and was supported by Dr. H. Wagenfiihr, Oberbiirger- 
meister of Diisseldorf, and many members of the Reception 
Committee. 

To the regret of all, the President, Sir Harold Carpenter, F.R.S., 
had been unable to be present owing to ill health, and Mr. James 
Henderson, the Honorary Treasurer of the Institute, deputised for 
him as Acting President. 


DeEaTH OF PRoFESSOR HENRY LE CHATELIER. 


At the outset of the proceedings the members stood in silence as a 
token of respect to Professor Le Chatelier, a Bessemer Medallist and 
an Honorary Vice-President of the Institute, who had died on 
September 17, 1936, at Mirabel-les-Echelles (Isére), France, at the 
age of 86 years. 

1936—ii B 
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WELCOME TO THE INSTITUTE. 


Dr. Frirz SprincorvUM (Chairman of the Reception Committee) 
extended a hearty welcome to the Institute on behalf of the Verein 
deutscher Eisenhiittenleute and on behalf of the Reception Com- 
mittee. He expressed his sincere regret that it had been impossible 
for Sir Harold Carpenter, the President of the Institute, to preside 
over the meeting owing to illness, and wished Sir Harold a speedy 
and complete recovery. At the same time, he welcomed the fact 
that Mr. James Henderson, the Honorary Treasurer of the Institute 
and a metallurgist of world-wide reputation, had consented to take 
Sir Harold’s place and preside over the meetings. 

All the metallurgists of Germany were glad to welcome the members 
of the Institute as their guests in Germany, and also to welcome the 
Ladies who accompanied them. It was a very long time—thirty- 
four years—since the Institute last visited Diisseldorf. The German 
iron and steel industries and the German metallurgists had tried to 
do everything in their power to make the present Autumn Meeting 
a great success. 

He had the honour to transmit to the Institute the welcome of 
the Reichsminister and President of the German Reichsbank, who 
wrote : 

‘**'To my most sincere regret it is impossible for me to be present at the 
meeting of the British Iron and Steel Institute, as had been my firm 
intention, inasmuch as urgent work keeps me busy here in Berlin. I wish 
your meeting the fullest and most cordial success, trusting that the 
remembrance of the close collaboration between the British and the 
German iron and steel industries, which has existed for so many decades, 
will animate this meeting also and strengthen on both sides the feeling 
that to-day more than ever international co-operation is necessary for the 
peace and welfare of all nations. 

HJALMAR SCHACHT, 
Reichsminister and Prussian Minister of National Economy.” 


The programme of the meeting, in addition to the very interesting 
papers which were to be read, offered the members the opportunity 
of visiting German works and seeing the best German practice. All 
the German iron and steel works without exception had agreed to 
allow members of the Institute to visit their plants, and that willing- 
ness could be regarded as a further token of a really hearty welcome. 
The metallurgists of Germany were very glad that the members of 
the Institute and their Ladies would be given a further opportunity 
of becoming acquainted with the country and the people of Germany ; 
they hoped that they would make the best use possible of that 
opportunity and that in that direction also all their hopes and wishes 
would be fulfilled. It was his hope that the 1936 meeting of the 
Institute in Diisseldorf would continue profitably the meetings which 
the Institute had held there in 1880 and 1902. He was convinced 
that the present meeting would contribute to the renewal of old 
relations and to the creation of new ones, thereby strengthening 
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yet more the link which had existed for so long between the Iron 
and Steel Institute and the Verein deutscher Eisenhiittenleute. 

The metallurgists of Germany once again offered a hearty wel- 
come to their visitors. They welcomed them with open hearts and 
wished their joint work every possible success. 


Dr. H. Wacenriur (Oberbiirgermeister of Diisseldorf) offered a 
hearty welcome to the members of the Institute, who had returned 
to Diisseldorf after so long an interval, and a hearty welcome also 
to the Ladies accompanying them. If it were true, he said, that 
political considerations sometimes separated the nations, there 
were two things which united them: Sport and Industry. So far 
as sport was concerned, this had been shown by the recent Olympic 
Games in Berlin; moreover, it was worthy of mention that every 
year English aviators came to Diisseldorf and, in return, German 
aviators were the guests of England. This spirit was continually 
developing. Sport and industry led to competition, but this com- 
petition was governed by the ideas of fair play, and was useful in 
promoting the well-being of peoples and their technical development, 
and in renewing good relations between them. Diisseldorf was not 
only a beautiful but also a progressive town, and he hoped the 
visitors would enjoy their stay and that as many of them as possible 
would return for the Exhibition which was to be held in the summer 
of 1937. 


Mr. James HENDERSON (Acting President of the Institute), in 
returning thanks for the welcome extended to the visitors, said that 
he appeared as a substitute for the real President. The President, 
Sir Harold Carpenter, had been forbidden to travel at the present 
time, but fortunately he was not seriously ill ; it was more a matter of 
inconvenience. He had received the following letter from Sir 
Harold : 


‘* To my very great disappointment, I am precluded by doctor’s orders 
from presiding at the Autumn Meeting of our Institute in Diisseldorf. 
Lady Carpenter and I had been anticipating this with feelings of great 
pleasure. To me the occasion would have been one of extreme interest, 
because I had been looking forward to renewing my associations with 
Germany, where I came as a young graduate from the University of 
Oxford forty years ago to carry out a period of further study at the 
University of Leipzig. I stayed there for nearly two years, and after 
working out my Arbeit was awarded the degree of Doctor of Philosophy. 
During that period I made many friendships among both German pro- 
fessors and students, and I always feel that I owe much to the scientific 
inspiration I obtained at that time of my life. § 

‘* Will you be so kind as to apologise to our hosts and to say how deeply 
I regret that I am prevented from meeting them and participating in the 
hospitality which they are so generously providing? 1 feel we are particu- 
larly indebted to those of our German friends who are contributing 
papers to this meeting. Will you also kindly give a message from me to 
those of our members who are participating in the meeting? Under your 
guidance I am sure it will be a very happy one, and it will only need fine 


; 


weather to make it a brilliant success.” 
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The fine weather had been provided, commented Mr. Henderson. 


‘In apologising to them for my unavoidable absence, will you kindly 
give them my warmest greetings and best wishes for a most enjoyable 
meeting. I shall look forward to hearing about it when they return.” 


He thought it would be a graceful act if a message were sent to 
Sir Harold regretting his absence and wishing him a speedy return 
to complete health (applause); perhaps Dr. Petersen and Mr. 
Headlam-Morley would arrange for such a message to be sent. 

Among other reasons for his regret that Sir Harold was not 
present was the fact that, as was well known, he was a direct des- 
cendant of that Henry Cort who was the inventor of puddling; in 
fact, his full name was Henry Cort Harold Carpenter. Personally, 
he could not claim any such distinguished descent. He did not 
know what his forebears were doing at that time, but they were not 
known to history, so that he imagined they must have had a decent 
record. 

He was overwhelmed by the messages of welcome which had 
been received. He would first refer to the very kind and thoughtful 
message from the Minister of National Economy, Dr. Schacht. The 
members of the Institute appreciated very much the kind thought 
behind that message, and their best thanks would be conveyed to 
Dr. Schacht in due course. 

It would be quite impossible for him to express the feelings of 
gratitude which the members had already formed for the reception 
that they had had, and that they knew they would continue to 
receive. Those of them, to the number of some 260, who came by 
the special train the previous evening were impressed by the per- 
fection of the arrangements made for their reception at Aachen and 
beyond. Dr. Petersen was on the platform, and outside with their 
banners were the guides from the various hotels. Everything went 
smoothly, and after a good rest the members had assembled for the 
present meeting only some twelve hours after arriving in Germany. 
That, he was sure, was only a token of the perfection of the arrange- 
ments which had been made for their reception; and, in view of the 
programme before them, he was sure they would all go away fuil of 
admiration for the wonderful powers of organisation of their hosts. 

He had been especially impressed by the great gathering which 
he was addressing that morning. There were many present who 
were known to him as members of the Iron and Steel Institute, and 
there were, of course, some members of that Institute of German 
nationality, but he knew that many were present who were not 
connected with the Institute and who were members of the Verein 
deutscher Eisenhiittenleute. He regarded it as a great compliment 
that members of that body should be present and take an interest in 
the proceedings, and on behalf of the Institute he thanked them most 
heartily for their attendance and hoped that as far as possible they 
would contribute to the discussion of the papers 
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He was glad to see, in the list of members of the Reception 
Committee, some names which were familiar to him as those of 
old friends, and among them the names of Dr. Poensgen and Herr 
Maulick. To Dr. Poensgen the members were particularly indebted 
for a very interesting special paper in Stahl und Hisen. Some of the 
members had met Dr. Poensgen and Herr Maulick at meetings of the 
International Cartel. The conversations which took place some 
time ago and in which Mr. Elliot, who, he was sorry, was unable to 
be present that day, took part undoubtedly paved the way for the 
present meeting. 

As Dr. Springorum had said, it was now thirty-four years since 
the Institute last met in Diisseldorf. He had had the pleasure of 
taking part in the gathering of 1902 as a member of the Institute, 
and he looked back on that meeting with great pleasure. To the 
Oberbiirgermeister he would say that no words of his could sufficiently 
praise the beautiful city of Diisseldorf. He first visited it half a 
century ago. He had paid many visits since that time, but always 
his early recollections had been confirmed and strengthened, and he 
firmly endorsed what had been said as to its progressive character. 
In the programme of the present meeting there was a description of 
Diisseldorf, in the course of which it was stated ‘‘ A few willows 
heighten the impression of beauty and sadness of the wide expanse.” 
The beauty the visitors had seen; the willows they had not; the 
sadness did not exist, and would only be felt when on the following 
Sunday they came to say good-bye, and even then, if they could 
look forward to coming to the Exhibition next year, it would not be 
good-bye but auf Wiedersehen. 

On behalf of the members of the Iron and Steel Institute, he 
thanked Dr. Springorum and the Oberbiirgermeister most sincerely 
and heartily for their welcome. 


Dr. Springorum then left the chair, which was taken by Mr. 
James Henderson. 


RESPECTFUL GREETINGS TO THE FUHRER UND REICHSKANZLER. 


At the suggestion of Dr. Fritz Springorum, President of the 
Verein deutscher Eisenhiittenleute, a telegram, of which the follow- 
ing is a translation, was sent to His Excellency Herr Hitler, Deutscher 
Fuhrer und Reichskanzler. 


To THE FUHRER UND REICHSKANZLER, 
BERLIN. 


In the Tonhalle at Diisseldorf to-day, the Verein deutscher Kisenhiitten- 
leute greets more than 400 members of the English Iron and Steel Institute 
at a Joint Meeting. The assembly of English and German metallurgists 
send their most respectful greetings to the Fiihrer und Reichskanzler. 

JAMES HENDERSON, Acting President of the Iron 
and Steel Institute, 

Fritz Sprincorum, President of the Verein 
deutscher Eisenhiittenleute. 











6P ADDRESS ON GERMAN IRON AND STEEL PRODUCTION. 


At the Banquet which took place on the Monday evening, the 
following message in reply from the Fiihrer was read and received 
with loud applause : 

I thank the English and German representatives of the Iron and Steel 

Industry most sincerely for their greetings, and I reciprocate them with 


my best wishes for the success of their Joint Meeting. 
ADOLF HITLER. 


ADDRESS ON GERMAN [RON AND STEEL PRODUCTION. 


Dr. Fritz Sprincorvo (President of the Reception Committee) 
presented an address on ‘‘ Technical Developments in German Iron 
and Steel Production during the last Fifteen Years.” Under the 
heading of economic operation, he discussed heat and power super- 
vision, production management, improvements in the works, 
coking plants, blast-furnaces, steelworks and rolling mills. Turning 
then to improvements in the quality of products, he dealt with 
quality supervision and research for the development of new steels. 
In conclusion he reviewed briefly the problems of the future. 


(The text of the address will be found on p. 19.) 


The ActinG PRESIDENT thanked Dr. Springorum very warmly 
for the paper he had presented. Dr. Springorum, he said, was the 
distinguished son of a very distinguished father, and had given the 
members that morning, out of the depths of his knowledge, a very 
full and frank presentation of the progress of the iron and steel 
industry in Germany during the last fifteen years, and had thus 
afforded them a great deal of food for thought and consideration 
when they left Diisseldorf and returned to their own country. He 
was sure they would wish to accord Dr. Springorum a very cordial 
vote of thanks. (Applause.) 


ForMAL BusINEss. 


The Minutes of the previous General Meeting were taken as read 
and confirmed. 


Ballot for the Election of New Members. 


Dr. J. C. Hupson (Birmingham) and Mr. E. C. Evans (London) 
were appointed scrutineers of the ballot, and they subsequently 
reported that the following one-hundred and forty-five candidates 
for membership and nineteen candidates for associateship had been 
duly elected : 


Members. ; 
Autsop, Harry, Assoc. Met. ; . Sheffield. 
ALTENHEIN, Eric FREDERIC OSCAR, 
Dipl.-Ing. . Sheffield. 


ANJANEYULU, Napimpatii, B.Sc. Phirangipuram (Guntur), 
(Met.) . ; ‘ : ; India. 





ELECTION OF MEMBERS. 


ARMITAGE, EpwarpD HuGH 
ASBECK, Kurt : 

BasaJ, A. C., B.Sc. . : 
BHATTACHARYYA, P. K., B.Sc. 
BapaT, GAJAN KRISHNA, B.Sc. . 
BARCLAY, ALEXANDER CLARK 


Barritt, Davin THuRLOW, B.Sc. 


BEALE, SAMUEL RICHARD. 

3ENNETT, JOHN GODOLPHIN 

Brest, ARTHUR ANDREW 

Bonpb, JAMES ALFRED 

BrapBury, E. Errot GAuNT 

BREARLEY, RAYMOND 

Brivio, Dr. Ing. ENRICO 

BUSETTI, AMBROSIO 

CAFFREY, FRANK 

CAMPBELL, ALEXANDER 

CARLESON, BENGT 

CHAMBERLAIN, H. L. 

CHATTERJEE, G. P., B.Sc. 

CocKSHAW, Tecra. JAMES 

COWPER, GAVIN 

Cox, EDWIN CHARLES 

Das, Gupta, K.C. 

Datta, B.S. . 

DAVIDGE, RICHARD He NRY, 
A.M.I.E.E. 

Davies, BEN 

Davies, EpWARD GEORG RE 


Deo, K. R., B.Se.(Eng.) 

De nbn R, ADRIE N EMILE 
DuHABHAR, J. N. ‘ 
Dowpinc, Guy FRANCIS, 

A.M.I.Mech.E. ; 

EpENS, LEonarD, Dipl.- Ing. 
EIMERMANN, GEORG ‘ 
ELLIoT, THOMAS MATTHEW 
Evans, ALFRED GARFIELD 


He ms. 


Sheffield. 


Middlesbrough. 


Jamshedpur, 
Jamshedpur, 
Jamshedpur, 


Glasgow. 
Stockport. 
London. 
London. 
London. 
Scunthorpe, 
Sheffield. 
Sheffield. 
Brescia, Ital 
Brescia, Ital 
Sheffield. 
Sheffield. 
Degerfors, 


India. 
India. 
India. 


Lincolnshire. 


y 
y. 


Sweden. 


Birmingham. 


Jamshedpur, 


Sheffield. 
London. 
London. 


Jamshedpur, 
Jamshedpur, 


Swansea. 
Neath. 


Port Talbot, 


shire. 


Jamshedpur, 


India. 


India. 
India. 


Glamorgan- 


India. 


Liége, Belgium. 


Jamshedpur, 


London. 
Berlin-Spanc 
3ochum, Ge 
Sheffield. 
Swansea. 


India. 


lau, Germany. 
rmany. 


FARLEY, Captain CHARLES F INCH West Bromwich. 

FIDLER, FREDERICK ALBERT WILLIAM West Bromwich. 

Fincu, Donatp I., M.S. . : . Philadelphia, Pa., U.S.A. 

FRANKLIN, WILLIAM WALTER, 
A.M.1.Mech.E. 

FRitH, COLIN 


Sheffield. 
Sheffield. 


FuJsJIWARA, TADAYOSHI, D. Se. Kawasakishi, Kanaga- 
waken, Japan. 
ANAPATI, S. A., B.E. : Jamshedpur, India. 
ANGULY, A. K., B.Se.(Eng.) Jamshedpur, India. 


Stockport ° 
REENWOOD, JOSEPH RICHARD Stockport. 


GA 

GA 

GLoAG, Major Vivian Forp 
GR 

GREGORY, Epwrtn, M.Sc. 


Ph.D.(Lond.), F.I.C. Sheffield. 
HARRIES, J. WILFRED Swansea. 
Sheffield. 


HARRISON, ALAN 
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HARRISON, GEORGE HENRY 

HEPNER, THEOPHIL . 

Hint, RIcHARD VERNON 

Hovupremont, Professor Dr. I ng. 
EpDUARD : j ; 

Howarp, ALWYN ; 

HromApDko, Ing. VitiM . : 

HvTcHINSON, ARTHUR GEORGE 

Iver, R. K., B.A. 

JENKINS, GRAHAM JAMES 

Joun, THomMAs HywEL 

JONES, GRIFFITH J AMES 


JONES, SYDNEY HARRINGTON 
JONES, WILLIAM THOMAS 


Kuosta, 8. P., B.Sc. (Eng. ) 

Kruprn, Iwan 

Lauiri, A. N., B. Se. 

LEE, ARTHUR MARSHALL . 

LEE, GEORGE WILTON 

LEwIs, HERBERT C.. 

LOHAN, GERARD HARRIS 

McNeEtL, ARCHIBALD 

MapDAn, Gopat P. 

MaxkuHov, ARCADIY ALEKSANDROV IC H 

Maruor, 8. N., M.Sc. 

Mazumpakr, S. N., B.Sc. 

Meceirr, SAMUEL GEOFFREY 

Metua, M. P., B.Sc. 

Miuts, THomaAs FISHER 

MisuHra, 8. K.. ; 

MitTcHLEY, JOHN WILLI AM 

Mitra, B. K., B.Sc.. 

Mitra, S. N., B.E. : 

MONTGOMERY, ROBERT A. 

Morris, WILLIAM TUDOR 

MUKHERJEE, GOPINATH 

Naa, D.N., B.Sc.(Eng.) . 

Namsiar, K. C., B.A., B.Sc. 

NEWBOULD, ALBERT 

NICHOLSON, Commander E DW ARD 
Hueu MEREDITH . 

Owen, WILLIAM P. 

Paut, M. V., B.Se. (Eng. - 

Precu, Nem Matcotm 


Piaaott, JuLiAn Iro, C.B.E., M.C. 
PoLry, JOSEPH 


PouscHER, G. W. ALFRED 


Poor, STANLEY LIVINGSTONE, B. Se. 


PRADHAN, V. G. : ‘ 
Price, MontTaGcuE Lovts . 
Ramaswamy, 8. R. . 


Swansea, Glamorganshire. 
Prague, Czechoslovakia. 
Swansea. 


Essen, Germany. 

Scunthorpe, Lincolnshire. 

Prague, Czechoslovakia. 

Rotherham, 

Jamshedpur, India. 

Swansea, 

Swansea. 

Port Talbot, Glamorgan- 
shire. 

Swansea. 

Port Tabot, Glamorgan- 
shire. 

Jamshedpur, India. 

London. 

Jamshedpur, India. 

Sheffield. 

Sheffield. 

Swansea. 

London. 

Glasgow. 

Jamshedpur, India. 

London. 

Jamshedpur, India. 

Jamshedpur, India. 

Sheffield. 

Jamshedpur, India. 

Wirral. 

Jamshedpur, India. 

Chesterfield. 

Jamshedpur, India. 

Jamshedpur, India. 

Sheffield. 

Swansea. 

Jamshedpur, India. 

Jamshedpur, India. 

Jamshedpur, India. 

Rotherham. 


Sheffield. 

Swansea. 

Jamshedpur, India. 

Worksop, Nottingham- 
shire. 

Ascot. 

Briton Ferry, Glamorgan- 
shire. 

Bochum, Germany. 

London. 

Jamshedpur, India. 

London. 

Jamshedpur, India. 
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Rao, 8S. N. ; 
Rao, M. D., BSc. ; 
READ, ARCHIBALD HucsH . 


REEs, GwILyM F ; 3 
M.Sc.Tech., 


REES, WALTER JAME Ss, 
F.L.C ; ‘ ‘ ‘ 
RICHARDSON, GEOFFREY ‘TURNER, 
M.Met., Ph.D. 


RIpGION, JAMES Mavric E, B.Se. 

RoEBUCK, ALFRED, M.I.Mech.E. 

RuSHTON, GEORGE Ivor . 

SaAMANTA, MANMATHA NATH 

SARJANT, REGINALD JOSEPH, 
A.R.C.S., D.I.C. 

SCHEMANN, WILHELM FRANK 

SHANKARAPPA, MySORE BASAvI AH, 
M.Sc. 

SHrorr, M. D. 

SincH, CHutram, B. Se. 

SmitH, SAMUEL SPENCELEY 

Soman, B. G. 

SPIRE, ErrEeNNE JE: AN Pav L 

SUNLEY, FRANK CLIFFORD 

TATTERSALL, CEcIL OWEN, 
B.Sc.(Hons.) (Lond.), A.R.C.Sce., 
AAS. 


D.Se., 


THoMAS, ERNEST Joun, B.Se. (Wales) 


TxHomas, Ivor GwILyM 
Tuomas, MATHEW HENRY 


THURSFIELD, THOMAS WILLIAM. 
TonssE, S. P., B.E. . 
TORRONTEGUI, LEANDRO Josx Dr 
TosH, ALFRED FAIRWEATHER 
TRIANO, Marques de 
TURNER, NEIL H. . 
Von PLancK, GORDON L. 
VAMBERSKY, Ing. ADOLF 
Wark, NIcoLas JEAN, Dr.- 
Warey, G. 8., B.Sc. F 
Warat, I. P., B.Sc. 
Wass, OswaLp HaRoLp 
WERNER, CHARLES 
WEstT, ANDREW 
WILLAN, GEOFFREY LAW RE NCE, 
Assoc. "Met. ; : 
WHITTINGTON, JAMES Epwarp : 
WILLIAMS, CrcrL HAMLYN 
WitiiaMs, Epcar Gwyn 
WITHERINGTON, ARTHUR . ‘ 
WREDE, Baron GusTAF WOLDEMAR 
Zwanzia, Dr. Eng. WALTER 


Ing. 


v=) 
a] 


Jamshedpur, India. 
Jamshedpur, India. 
London. 
Swansea. 


Sheffield. 


Leeds. 

London. 

Sheffield. 

Newport, Monmouthshire. 
Bengal, India. 


Sheffield. ; 
Gelsenkirchen, Germany. 


Sheffield. 
Jamshedpur, India. 
Jamshedpur, India. 
Birmingham, 
Jamshedpur, India. 
Billancourt, France. 
Sheffield. 


Cawnpore, U.P., India. 
Port Talbot, Glamorgan- 


shire. 

Port Talbot, Glamorgan- 
shire. 

Porthcawl, Glamorgan- 
shire. 


Scunthorpe, Lincolnshire. 
Jamshedpur, India, 
Bilbao, Spain. 

Swansea 

Bilbao, Spain. 
Scunthorpe, Lincolnshire. 
San Francisco, Cal., U.S 
Pilsen, Czechoslovakia. 
Heerlen, Holland. 
Jamshedpur, India. 
Jamshedpur, India. 
Sheffield. 

Stockholm, Sweden. 
Glasgow. 


Bridgend. 
Swansea. 

London. 

Swansea. 
Birmingham. 
Dalsbruk, Finland. 
London. 
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Associates. 


ALLENDESALAZAR, Y URBINA, RAFAEL Liége, Belgium. 

BROOKE, JOHN ARNOLD ROWLEY . London. 

Downs, THomas EpwARD West Bromwich. 

FrEetzeER, MAURICE CHARLES Worcester, Mass., U.S.A. 

GOODALL, ALFRED Scunthorpe, Lincolnshire. 

HENTSCHEL, ROBERT 3ridgeport, Conn., U.S.A. 

Hoparp, WALTER LEONARD Maplewood, New Jersey, 
ORM 

Cleveland, Ohio, U.S.A. 

Jamshedpur, India. 

Middletown, Ohio, U.S.A. 

Langshyttan, Sweden. 

Scunthorpe, Lincolnshire. 

Scunthorpe, Lincolnshire. 

Pullman, Wash., U.S.A. 


JAMES, ROBB WARREN 
KoLHATKAR, G. M. 

Norris, FRANK G. 

OstTBERG, JAN ERIK 

PEIRSON, LESLIE ‘ : 
READ-PrYCE, ALFRED WILLIAM 
Scuatz, Ray W. 


ScHEIL, MERRILL. ‘ 
SHEFFIELD, JOHN VINCENT 
STRYCKER, ROBERT DE 
TENNENT, JOHN HOWARD 
WHITAKER, RICHARD ERIC 


Milwaukee, Wis., U.S.A. 
Scunthorpe, Lincolnshire. 
Héverlé, Belgium. 
Airdrie, Lanarkshire. 
Scunthorpe, Lincolnshire. 





Nomination of Presidents for 1937 and 1938. 


The Acting President said it gave him much pleasure to announce 
that the Council had nominated Mr. Alfred Hutchinson, M.A., to 
be the next President of the Institute. Mr. Hutchinson would 
therefore take office in May of 1937. He was a well known and 
valued member of the Institute, which he joined in 1895, and he 
knew that he was speaking for all the members when he said that 
they were very glad to know that Mr. Hutchinson would be their 
next President. (Applause.) As Mr. Hutchinson had expressed 
the wish not to retain the Presidency for longer than one year, the 
Council had nominated the Rt. Hon. The Earl of Dudley, M.C., to 
succeed him in May 1938. 


Members of Council Retiring in 1937. 


The Secretary (Mr. K. Headlam-Morley), in accordance with 
Bye-Law 10, announced the following list of Members of Council 
due to retire in rotation at the next Annual Meeting. Vice-Presi- 
dents: Mr. C. E. Lloyd; Dr. W. H. Hatfield, F.R.S.; Sir William 
Larke, K.B.E. Members of Council: Mr. E. J. George; Mr. J.S. 
Hollings; Mr. W. J. Brooke; Mr. F. Clements; Mr. J. E. James. 


Papers Presented. ‘ 
The following Special Reports and papers were presented : 


‘**FourtTH REPORT OF THE CORROSION CoMMITTEE.” Being a Report by a 
Joint Committee of the Iron and Steel Institute and the British Iron and 
Steel Federation to the Iron and Steel Industrial Research Council. 
(Special Report No. 13.) 


- 
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‘* First REPORT OF THE ALLOY STEELS RESEARCH COMMITTEE.” Being a 
Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial Research 
Council. (Special Report No. 14.) 

** SECOND REPORT OF THE STEEL CASTINGS RESEARCH COMMITTEE.” Being a 
Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial Research 
Council. (Special Report No. 15.) 

Fritz Sprincorum: ‘“ Technical Developments in German Iron and Steel 
Production during the last Fifteen Years.” 

O. Fépri: ‘‘ The Practical Importance of the Damping Capacity of Metals, 
especially Steels.” 

A. N6LL: ‘ Present-Day Problems of the Rolling-Mill Industry.” 

G. THANHEISER: ‘‘ The Determination of the Gases in Steel by the Hot 
Extraction Method.” 

F. WeseMAann: “ The Firing of Open-Hearth Furnaces in German Steel- 
works.”’ 

H.H. Asram: “ The Influence of Vanadium on Nickel-Chromium and Nickel- 
Chromium-Molybdenum Steels.” 

W.J. Brookes, H. R. B. WatsHaw and A. W. LEE: “ Investigations into the 
Influence of Coke Quality on Blast-Furnace Operations.” 

E. W. Coitseck, 8S. W. CRAVEN and W. Murray: ‘ The Determination of 
Non-Metallic Inclusions in Steel and Iron.” 

T. P. CotctoueH: ‘‘ The Constitution of Blast-Furnace Slags in Relation to 
the Manufacture of Pig Iron.” 

A. E. DoBner and 8. Skramovsky : “ The Reduction of [ron Ores with Solid 


Carbon.” 
R. Genpers and R. Harrison: ‘ Tantalum-Iron Alloys and Tantalum 


Steels.” 

A. L. Norspury and E. Morgan: “ The Effect of Non-Metallic Inclusions on 
the Graphite Size of Grey Cast Iron.” 

A. M. PorteEvIN and R. Castro: ‘‘ The Morphology of Inclusions in Siderur- 
gical Products. Part III.—Chromium Alloys and Chromium Steels.” 

G. A. V. Russext and 8.8. Smirxa: ‘‘ The Roll Problem in Backed-up Mills for 


Cold Reduction.” 
T. SWINDEN and G. R. BoLsoverR : ‘* Controlled Grain Size in Steel.”’ 


At the Monday session Dr. Fritz Springorum read his address 
and Mr. F. Wesemann, Mr. W. J. Brooke, Mr. H. R. B. Walshaw 
and Mr. A. W. Lee and Mr. G. Thanheiser presented their papers 
personally for verbal discussion. 


Joint MEETING OF THE [RON AND STEEL INSTITUTE WITH THE 
VEREIN DEUTSCHER EISENHUTTENLEUTE. 


The Session held on Tuesday, September 22, constituted a Joint 
Meeting of the Iron and Steel Institute and the Verein deutscher 
Kisenhiittenleute; it was held in the Tonhalle, Diisseldorf, at 9.15 
A.M.; Dr. Fritz Springorum, President of the Verein, was in the 
Chair. 


The CuHarrRMAN (Dr. Fritz Springorum), in opening the session, 
extended a cordial welcome to all those who had come together for 
common consideration of the various subjects to be dealt with. 
The programme contained such a wealth of problems that it was 
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desirable to start work at once, but he would like briefly to emphasise 
once more the significance of this joint work in the best sense of the 
word. Where steel was being produced there would always be 
problems. The further development of production processes and 


the improvement in quality of the products represented tasks of 


tremendous scope. Exchange of experiences therefore offered the 
guarantee that from the many possible ways would be chosen the 
shortest one in order to reach the desired result. Exchange of 
experience and joint work were no new things among British and 
German metallurgists to further the work on both sides. He looked 
back to the first visit of the British Iron and Steel Institute to 
Diisseldorf, because he wished to recall to the minds of his audience 
the man to whom not only the German steel producers but the whole 
world were indebted for the enormous progress which had been made 
—Sidney Gilchrist Thomas. It was exactly fifty-seven years ago, 
on September 22, 1879, that the Hoerder Hiittenverein at Hoerde 
and simultaneously the former Rheinische Stahlwerke at Duisburg- 
Meiderich produced the first basic Bessemer charges in Germany, 
and only a year later the opportunity was afforded of reporting on 
the results obtained in Germany by the basic Bessemer process at 
the meeting of the Iron and Steel Institute at Diisseldorf. Thomas 
himself took part in that meeting, together with a score of other 
British and German metallurgists, and by doing so helped to pave 
the way for further technical development. The tremendous 
progress which had been made in the production of steel since that 
time was well known, but the value of the present made by the 
genius of Thomas to the German steel industry would never be 
forgotten. 

The meeting that day, therefore, would be guided in particular 
by the friendly and congenial collaboration of the British Iron and 
Steel Institute and the Verein deutscher Eisenhiittenleute, and he 
hoped most sincerely that it would yield rich and valuable results. 


Papers Presented at the Joint Meeting. 


Professor O. Féppl, Dr. T. Swinden and Mr. G. R. Bolsover, 
and Mr. A. Noll then presented their papers personally for verbal 
discussion. (For complete list of papers see pp. 10-11.) 


Votes of Thanks. 


Dr. Fritz Sprrncorum (President of the Verein deutscher 
Kisenhiittenleute) thanked the authors of the papers and those 
who had taken part in the discussions, and also all those present for 
their careful and patient attention to all that had been said. 


Mr. JAMES HENDERSON (Acting President of the Institute) 


proposed to the members of the Iron and Steel Institute that they 
should record their very deep appreciation and most hearty thanks 


- 
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for the manner in which the Autumn Meeting of the Institute in 
Germany had been conceived, arranged and carried through. The 
remarkable success with which that had been done had not been 
achieved easily; it had involved the most detailed discussions and 
arrangements with the organising Committee, Dr. Petersen and his 
staff. The remarkable success and precision with which the arrange- 
ments had worked, and would no doubt continue to work, was a 
triumph for the German talent for organisation, coupled with 
immense goodwill and the desire to make the meeting a success. 

He desired to thank Dr. Springorum, as President of the Verein 
deutscher Eisenhiittenleute, and to congratulate him on the brilliant 
staff work which had been done by the Verein. The success of the 
meeting would go down to history, and he trusted it was not the only 
joint meeting which would be held; perhaps one day the German 
metallurgists would come to London and give their English confréres 
a chance to show them what they could do. 

He also wished to put on record the thanks of the Institute to 
Herr Oberbiirgermeister Dr. Wagenfihr for the very kind reception 
which he had given the members the previous day. 

The members of the Institute also greatly appreciated the 
work which had been done by their Secretary, Mr. Headlam-Morley, 
and his staff; they were particularly indebted to Dr. Petersen, on 
whom had fallen the chief burden of the organisation, and all the 
other gentlemen who had done so much to make the meeting a 
success. 


The votes of thanks were carried with acclamation, and the 
proceedings then terminated. 


Additional Meetings in London. 


The Additional Sessions took place in London on October 29 and 
30, 1936, and were held in the Lecture Theatre of the Institution of 
Civil Engineers, Great George Street, Westminster. At the two 
sessions on Thursday and the Friday morning session the President 
(Sir Harold Carpenter, F.R.S.) was in the Chair; the session of 
Friday afternoon constituted a Joint Meeting of the Institute with 
the Institute of British Foundrymen, at which Mr. Harry 
Winterton, President of the Institute of British Foundrymen, 
presided. 


The PresipEnt (Sir Harold Carpenter, F.R.S.), opening the 
proceedings, said that in welcoming those attending the meeting, 
which he had great pleasure in doing, he would like in a few words 
to explain why the Additional Sessions were being held. It would 
be recalled that the ordinary Autumn Meeting had been held about 
five weeks before in Diisseldorf. For that meeting there was a large 
number of papers, and in particular there were ‘certain papers by. 
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German authors which the Institute was very anxious to have 
presented and discussed. A very interesting discussion was in 
fact obtained on those papers. The amount of time available, 
however, was relatively short, and there remained over a very 
considerable body of papers which it was thought should be submitted 
for discussion. It was therefore decided to hold Additional Sessions 
at this later period, which would give an opportunity for members 
who were not able to go to Diisseldorf to participate in the discussion 
on the papers presented. 


Papers Presented at the Additional Meetings. 


During the sessions on Thursday and Friday morning the 
following papers were presented for discussion : 


Thursday morning. 
W. J. Brooks, H. R. B. WatsHaw and A. W. LEE: “ Investigations into 
the Influence of Coke Quality on Blast-Furnace Operations.” 
T. SwInpDEN and G. R. BoLsover: ‘ Controlled Grain Size in Steel.” 
T. P. Cotctovuex : ‘‘ The Constitution of Blast-Furnace Slags in Relation 
to the Manufacture of Pig Iron.” 
‘* FourTH REPORT OF THE CORROSION CoMMITTEE.” Being a Report by 
a Joint Committee of the Iron and Steel Institute and the British 
Iron and Steel Federation to the Iron and Steel Industrial Research 
Council. (Special Report No. 13.) 
Thursday afternoon. 
A. L. Norsury and E. Moraan : “ The Effect of Non-Metallic Inclusions on 
the Graphite Size of Grey Cast Iron.” 
E. W. CotsBeck, S. W. CRAVEN and W. Murray: “ The Determination of 
Non-Metallic Inclusions in Steel and Iron.” 
G. A. V. Russewt and S. 8. Smirx: *‘ The Roll Problem in Backed-up Mills 
for Cold Reduction.”’ 


Friday morning. 


R. GENDERS and R. Harrison: ‘‘ Tantalum-Iron Alloys and Tantalum 
Steels.” 

“First REPORT OF THE ALLOY STEELS RESEARCH CoMMITTEE.”’ Being a 
Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council. (Special Report No. 14.) 


JoInt MEETING WITH THE INSTITUTE OF BRITISH FOUNDRYMEN. 
Friday Afternoon, October 30, 1936. 


The last of the Additional Sessions of the Autumn Meeting took 
the form of a Joint Meeting with the Institute of British Foundrymen. 


Sir HaRoLp CARPENTER, F.R.S. (President of the Irén and Steel 
Institute), explained that the whole session was to be devoted to a 
consideration of the Second Report of the Steel Castings Research 
Committee. It was felt that the subject would be of equal interest 
to the Institute of British Foundrymen, and so a Joint Meeting had 


Brena. 
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been arranged with that Institute. He was glad that this had been 
possible, and he hoped that members of both Institutes would take 
part in the discussion of the Report. Further, Mr. Harry Winterton 
(President of the Institute of British Foundrymen) had been asked 
to take the Chair that afternoon, and he was glad to say that Mr. 
Winterton had accepted that invitation. He would now ask him 
to preside over the Meeting. 


Mr. Harry Winterton then took the Chair. 


The Cuatrman (Mr. Harry Winterton) said the Institute of 
British Foundrymen appreciated the compliment paid to it by the 
invitation to himself to take the Chair that afternoon. He felt that 
gatherings of this kind were, from both the technical and the 
practical standpoints, of benefit to the industry. He had had the 
pleasure of visiting Diisseldorf a short time ago, and he had been 
struck by the fact that three associations were meeting there, but 
at different times ; he could not help wondering whether, had they 
all joined together and made a combined onslaught on their German 
friends, it would not have been more impressive, and perhaps even 
more instructive, though he understood that all the visitors had been 
instructed, and had certainly been most interested in all they saw 
and heard. 

He looked on joint meetings such as that over which he had the 
honour to preside as being of great benefit not only to the bodies 
which took part in them but also to the trade and the work of the 
iron and steel industry, and he trusted most sincerely that in the 
future the Iron and Steel Institute might see its way to issue further 
invitations to his own Institute, which, in common with other 
bodies of a similar character, would have great pleasure in joining in 
research and practical development. 

At a meeting which he attended a short time ago, Dr. Mellor 
said that it seemed impossible to extend our knowledge without 
at the same time widening the bounds of our ignorance. He thought 
that that was a basic remark on which the work not only of the Iron 
and Steel Institute but also of the Institute of British Foundrymen 
and of the British Cast Iron Research Association might well be 
founded. He hoped that the discussion that afternoon would be 
for the general benefit, and that all those who took part would go 
away enlightened, and possibly in some cases impressed by their 
own abysmal ignorance. 


The entire afternoon was then devoted to the discussion of the 
following Report : 


«* Second Report of the Steel Castings Research Committee.’ Being a Report 
by a Joint Committee of the Iron and Steel Institute and the British 
Iron and Steel Federation to the Iron and Steel Industrial Research 
Council. (Special Report No. 15.) 
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At the conclusion of the session, the CHarrMAN (Mr. Harry 
Winterton, President of the Institute of British Foundrymen) 
said that a debt of gratitude was owing to those who had presented 
the various sections of the Report. He added that, in his opinion, 
such meetings as the present one would do much to wipe away the 
fog which some people seemed to think surrounded those who were 
looking for a basic point from which to start their investigations. 
If nothing else of advantage had been done that afternoon, the fact 
that they had met together and had had such a thorough discussion 
was certainly very much in favour of a meeting of this kind. He 
certainly hoped that the discussion would prove of benefit to all. 


VoTEs OF THANKS. 
To Mr. Harry Winterton, Chairman of the Joint Meeting. 


Sm Haroutp CARPENTER, F.R.S. (President of the Iron and 
Steel Institute), said that before the meeting terminated he would 
like to move a vote of thanks to Mr. Winterton for his conduct in the 
Chair. Speaking for the moment as President of the Iron and Steel 
Institute, and having in mind what that Institute had considered 
might be the result of the Joint Meeting, he would like to say that 
he was sure they would all feel, from their side, that it had been well 
worth while. It was always a good thing for two sets of men who, 
on the whole, saw one another very little, but who worked in related 
subjects, to meet together and have a frank talk about problems 
of the kind that had been discussed that afternoon, and he felt sure 
that one of the results of the present meeting would be a desire for 
further meetings of the same kind. For the happy result of the 
meeting that afternoon they were much indebted to the conduct of 
Mr. Winterton in the chair. 


The vote of thanks was carried with acclamation, and briefly 
acknowledged by the Chairman. 


To Sir Harold Carpenter, F.R.S., President. 


Mr. James HenpeErsoN (Hon. Treasurer) said the present was 
the fourth session which the Iron and Steel Institute had held that 
week, and the previous three had been presided over by Sir Harold 
Carpenter, the President of the Institute. He wished to propose 
that the members record their grateful thanks to Sir Harold for his 
conduct in the Chair. He had presided with his usual ability, 
patience and charm, and had proved as good a Chairman as he was 
a President of the Institute. 


The vote of thanks was carried with acclamation, and briefly 
acknowledged by Sir Harold Carpenter. 
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T'o the Institution of Civil Engineers. 


A formal vote of thanks to the President and Council of the 
Institution of Civil Engineers for kindly placing their premises at 
the disposal of the Institute for the purposes of the Meeting was 
passed with acclamation. 


CINEMATOGRAPHIC PHOTOGRAPHS OF THE DUSSELDORF MEETING. 


On Thursday evening, October 29, after the afternoon session, 
the members and a number of their Ladies were entertained to tea 
and to a cinematographic display by invitation of “ The British 
Steelmaker.” ‘Tea was served in one of the rooms at the Institution 
of Civil Engineers, and the visitors then returned to the Lecture 
Theatre to see several films taken by Mr. G. H. Lohan and one by 
Mr. H. E. Cookson, taken during the days of the Meeting in Diissel- 
dorfin September. During the entertainment Sir Harold Carpenter 
(President) and Mr. James Henderson (Acting President at the 
Diisseldorf Meeting) expressed the members’ pleasure at seeing the 
films and their thanks for the hospitality extended to them by Mr. 
F. 8. Russell, and to Mr. D. M.S. Parker, the Editor, as well as 
their appreciation to those who had taken the films. 
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TECHNICAL DEVELOPMENTS IN GERMAN 
IRON AND STEEL PRODUCTION DURING 
THE LAST FIFTEEN YEARS.! 


By FRITZ SPRINGORUM (Dorrmunp). 


GENTLEMEN ! 

Although it was my intention to give a general survey of the 
development of the German steel industry during the last ten to 
fifteen years, I consciously propose to omit a review from the 
economic standpoint, which, characterised as it is by the formation 
of combines, amalgamations, &c., would also provide a productive 
study; I propose rather to confine myself to a short summary of the 
technical events which have recently taken place. And this picture 
will be at least as interesting, and in many directions even more 
important, as the technical developments very often influence 
fundamentally the economic aspect, which in its turn creates the 
requisite conditions for the former. In order to make myself clear, 
I need but refer to a few men who lived in an earlier period, and 
whose names are revered both in England and in Germany. One 
need but mention such men as Henry Cort, B. Huntsman, Sir Henry 
Bessemer, S. G. Thomas and, further, R. Daelen, R. and M. 
Mannesmann, Friedrich and Wilhelm Siemens, and Alfred Krupp, 
to which could easily be added a number of other important 
names both of technical and of resulting economic importance. I 
could further refer to our related industry, viz., chemistry, to the 
economic importance of which a large part of the technical 
developments may be ascribed. 

Although it is not necessary in this company to lay any special 
emphasis on the point, the technical developments are, of course, 
again intimately bound up with different basic problems, of which 
the most important is probably the supply of raw materials. It is 
the latter which chiefly determines the direction taken by the 
technical development within a certain district, and finally also 
by an entire country; it influences fundamentally the problems 
which must vary in the case of each steel-producing country. 
To take an example, in the case of America, with its wealth 
of raw material, both coal and ore, and its large home markets, 
we speak of technical development in the sense of the frequently 
and generally admired control and management of the constantly 
increasing production, and the extensive mechanisation of their 
works to the exclusion of costly hand or individual labour. 

Such is not the case in Germany! We can certainly trace here, 
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also, attempts at mechanisation and the endeavour towards larger 
units, the purpose of the latter being a lowering of operating costs, 
but they do not attain to the level which we can recognise in America, 
the above-chosen example. And this is also quite understandable, 
as it is conditioned by the totally different raw material situation 
of the German steel industry. This is not immediately recognis- 
able from the production figures; during the course of the last 
fifteen years the latter show the same tendency towards a rise with 
upper and lower peaks, which may also be seen in other countries, 
in which connection the year 1936 may be said to be becoming 
a record year. 

The problem which confronts the German steel manufacturer 
does not, however, lie in the increase of production or in the mech- 
anisation; rather was and is it ultimately bound up with the raw 
material situation, thus inevitably leading to two main requirements, 
which may be grouped under the headings of “‘ management ”’ 
and “ improvement of quality.” 

I need not explain to you, who are constantly occupied with 
these large questions, the tremendous amount of work and detail 
which these two requirements bring in their wake. Although it is 
my intention to trace in the following the broad lines of develop- 
ment in our German works during the last ten to fifteen years, I 
must naturally renounce the intention to describe many details, 
and limit myself to the demonstration of basic principles in some 
few typical fields of endeavour. 


I.—Economic OPERATION. 


A careful economy pre-supposes an intensive and extensive pro- 
duction supervision, and further requires production research in 
order to lower the cost and to improve operations; it leads—and 
it is impossible to fix any definite limits to its implications—directly 
to the questions of the disposal of by-products, and finally also 
to the development of new processes. 


Heat and Power Supervision. 


Works supervision, 7.e., observations of the power and material 
consumption, has always existed in some form or other. The 
methods adopted were generally comparatively inaccurate, and they 
consisted in many cases of approximate estimates, which latter 
certainly gave some indications, but did not make possible, for 
instance, the detailed analysis of the entire power consumption, in 
order that sources of loss could be revealed and eliminated. During 
a period in which the production of pig iron and steel was low, owing 
to a scarcity of fuels, such as was the case in Germany little more than 
fifteen years ago, a change in the analysis of power consumption 
was included among the most important topical questions, but even 
apart from this specific cause, the planned economy with the 
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available power promised considerable success, in view of the fact 
that the expenses of a steelworks for power purposes in the widest 
sense of the word (i.e., in the shape of coal, gas, steam, current 
and compressed air) constituted about one quarter of the entire 
manufacturing costs of the products, and it is remarkable that 
this is the case for all products of the steel industry, no matter 
which stage in their working was taken. 
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Fic. 1.—Power Balance of a Mixed Works. Adjustment of the amount 
of gas produced to the requirements of the finishing plants. 


In order to make progress in this important field, the Warme- 
stelle (Heat Division) Diisseldorf of the Verein deutscher Eisen- 
hiittenleute was at that time founded as a common enterprise of all 
German iron and steel works and—as you will know from the many 
publications of this Division—it dealt with special analyses of the 
requisite work; its research was actively supported by the Heat 
Divisions simultaneously created in the various works. 

In this connection the first task must be the development of a 
measuring system, in order first of all to obtain reliable data in 
regard to the production and consumption of the different power 
carriers. For this reason the measuring apparatus and appliances, 
as well as the knowledge of the specific basis of the technique of 
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measurement and its practical application, developed by leaps and 
bounds; from an evolutionary point of view it is also natural that 
the technique of measurement was in the course of time likewise 
applied to the collection of data dealing with the entire management 
of materials, i.e., the transport of raw and auxiliary materials, 
and semi-finished and finished products. The second main task 
was provided by the planned, uniform application of the results 
provided by the technique of measuring, which converge daily 
in a Division in the form of a large number of record strips (charts), 
diagrams, and books. The preparation from these data of efficient 
and exhaustive reports for the works management and the super- 
visors, and for basic figures which permitted the recognition of the 
dependence of consumption values on the load and temporal utilisa- 
tion of the capacity of the works, again created the basis for the 
power balance, which is so important for steelworks, and for the 
continuous cost supervision of the works. With regard to the 
power balance, the problem was to harmonise the variations 
between the power supply of the blast-furnaces and coking plants 
with the demand by the steelworks, rolling mills, and other parts 
of the plant, under the most varied operating conditions of the 
works (Fig. 1). An extraordinary amount of work has been done 
in this field. It is just in the large mixed works that the heat 
economy has already for years influenced the planning of the works 
management. The individual managements themselves no longer 
dispose of the supply and distribution of power within their 
territory, for special and constantly occupied control stations are 
in charge of the power output, with which the production plants 
must fall in line in accordance with definite weekly and daily pro- 
grammes. A purely outward sign of this arrangement is already 
provided by extensive installations, gasometers, and pipe-lines, 
to which sometimes entire groups of works are connected. A 
further example of the compensation between power demand 
and power supply on a large scale is the supply of long-distance 
gas, which distributes the excess gas of the coking plants, which 
are generally heated by means of blast-furnace gas, to the con- 
sumers both within and without the mixed works through a large 
and extensive network of pipes. In this way there exist to-day 
long-distance mains networks for the Ruhr, the Aachen, and the 
Saar territory (Fig. 2), which will be interconnected in the not too 
distant future, and which are thus destined to make possible the 
large-scale interchange of gas between one territory and another. 
The development of long-distance gas supply may be 
characterised by the fact that the supply of distant gas has grown 
from two hundred and forty million cubic metres in the year 1924 
to two thousand four hundred million cubic metres in the year 1935. 
The effect of all these measures on the power consumption of 
the steel industry was extraordinarily powerful, in view of the fact 
that the fuel saving alone is calculated by independent observers 
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to amount to ten million tons of coal per annum (Fig. 3). Nowa- 
days we have got so far that on an average the blast-furnace and 
coking-plant gases accruing to one ironworks and its respective 
coking plant, not only meet the entire heat and power requirements 
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Fie. 2.—The extent of the Long-distance Gas Mains based on the coal 
production of the Ruhr, Aachen, and Saar territories. 
of the work themselves, but that they leave an excess for outside 
supply purposes. 


Production Management. 


A second very important branch of production supervision is pro- 
vided by the extensive field of basic materials management. This 











24P SPRINGORUM : TECHNICAL DEVELOPMENTS IN GERMAN IRON 


branch of operation is not new in itself, yet here also one may 
apply what has already been said in connection with power manage- 
ment : Data existed, but they did not permit the material to be 
followed throughout the course of its production, or even the recogni- 
tion of connections between the processes in the works when taking 
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Fig. 3.—Decrease of the Heat Consumption per Ton of Raw Steel by 
planned heat economy. 


into account the influences of time. The work being done in this 
field promises great economies in the future development. 

The collected data are themselves deserving of mention at this 
juncture, in regard to the introduction of cost supervisidn, on which 
a great deal of energy has been expended since about the year 1923. 
It was accompanied by endeavours to co-ordinate the frequently 
differing conceptions of the merchant, the financier, and the engineer 
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and to clarify the fundamental ideas and the points of view for 
the evaluation of first costs. Not only the result is of import- 
ance in the supervision of quantity and cost supervision, but also 
the compilation of operating characteristics of every description, 
which provide the works management with a survey of the time 
comparisons of one and the same plant, and which further make 
possible a comparison between different plants, and which finally, 
with the aid of the elaborated statistics, permit of the analysis of 
the influence of market variations on the consumption and the 
costs. 

A very important chapter of cost analysis are the economic 
calculations, on which are based decisions with regard to new 
constructions, reconstructions, the choice of new processes or goods, 
the distribution of work in hand over different plants, the pro- 
vision of raw material, &c. 

It need hardly be mentioned here, especially as we shall come 
back to this point later on, that, apart from the observations for 
the above-mentioned large problem field, or rather independently of 
them, a parallel quality supervision from the chemical and tech- 
nological side is essential, in order, for instance, to eliminate defective 
materials as early as possible from the working processes. 

Such is, in a few short lines, a review of works supervision 
as it existed in the past. 


Improvements in the Works. 


It is but a short step from works supervision, and the basis 
for a detailed comparison of prime costs so provided, to works 
research. Work aimed at the improvement and cheapening of 
operations thus becomes a matter of course. In this respect it is 
obvious that an examination of the existing works installations 
was first undertaken. Time study was a welcome adjunct in 
the testing of the most expedient arrangement in regard to space. 
In steelworks it serves to point the way for a more efficient use of 
the plant, for shortening of the time of manufacture, for the prepara- 
tion of work, and finally also for time control. The entire subject 
of time study has thus in our steelworks shifted from the observation 
of human activity to the processes in the production and working 
of the material. 

Apart from their relative positions, the works plant had further to 
be tested in relation to their degree of efficiency and the possibility 
of improving it. To this domain belongs much extensive work 
in connection with the lowering of material and power waste and 
the increasing of the output of the plant by constructional or 
operating measures. The enlargement of a number of works 
units, which in many cases already in themselves mean a decrease 
in the attendant losses, belongs to this subject. 

Not only the installations, but also the working processes had 
to be tested with regard to their execution with the smallest possible 
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power requirements, ¢.g., fuel, and also with a view to the attain- 
ment of the highest possible output. During the period of great 
fuel scarcity the first task was of special importance, but mean- 
while the researches on the best use to be made of the raw materials 
has become far more significant, in view of the fact that the cost of 
raw material is of more importance than the expenditure on power. 
In this connection it may be mentioned that the extensive efforts 
in this direction during the last few years have made a constantly 
increasing use of the knowledge obtained by physical chemistry. 

Finally, all these efforts must lead to a change or improvement 
in the existing working processes, and in the end also to the develop- 
ment of new methods of working. In addition, mention should 
be made of the efficient disposal of by-products and waste products, 
no matter into which category they may fall, which offer an 
appreciable possibility for the lowering of the costs of the plants. 

The above exposition may suffice to indicate the lines along 
which the improvement of operation has been attempted. 

If you will now follow me on a journey through individual 
steelworks plants, you will observe the following picture : 


Coking Plants. 

The first fact to appear in this connection is that, when viewed 
from a purely external standpoint, the coking plants in a number of 
works have apparently not kept pace with the enlargement of many 
other works units. The simple explanation is that, in order to 
decrease the cost of the coking plant, a certain centralisation has 
been attempted by the construction of large coking plants, which 
for reasons of expediency were chiefly concentrated in the mines 
(Fig. 13, Plate I.). 

In the operation of coking plants their life has been prolonged 
by the use of silica bricks. In order to eliminate waste and also 
to speed up operations, self-sealing oven doors have been intro- 
duced. In many cases roof evacuation of the gases has also been 
applied, with the result that the yield of by-products has been 
considerably improved, as well as their capacity for further chemical 
working-up. 

As a result of new data obtained on the coking capacity of 
different kinds of coal, we have learnt to influence the constitution 
of the coke, while the combustibility of the coke has been improved 
by its appropriate preparation and by the appropriate blending of 
the coal. Coke which meets the varying requirements of physical 
and chemical properties is further obtained by appropriate oven 
construction and supervision of the operations. In this respect, 
and also with regard to the coking period, the oven-width is of 
special importance. 

The narrow oven with a chamber width of 350-400 mm. and a 
height of 3500-4500 mm., permits of a coking time nearly 50%, 
shorter than the broad oven with a chamber width of about 500 mm. 
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and a height of about 2500 mm. Accordingly, the throughput in 
the case of a narrow oven amounts to about 25 tons in 24 hr., as 
compared with the former quantity of 12 tons in 24 hr. 


Blast-Furnaces. 

In the operation of blast-furnaces, viewed in the widest sense of 
the word, a number of changes have taken place, in that the dressing 
and preparation of the ores have been considerably elaborated 
as compared with the position obtaining about fifteen years ago. 
Of the wet dressing, roasting and magnetic sorting processes mention 
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lic. 4.—Flow Sheet of Ore through a Crushing and Sintering Plant 
(J. Oppenheuser). 


need be made here only of the processes of Apold-Fleissner, 
Humboldt-Gredt, the Studiengesellschaft fiir Doggererze and, 
finally, the Kaiser-Wilhelm-Institut fiir Eisenforschung. We are 
still at the half-way mark in the development of this field, and, 
although for the time being none of these processes meets all the 
requirements of large and continuous operation, the labour involved 
has resulted in much experience and new knowledge, e¢.g., with 
respect to the judging of the reducibility of an ore and of its physical 
properties, from which considerable benefits have been derived 
in practice. Among these must be counted especially the careful 
preparation of the ores, the crushing, and the grinding (Fig. 4). 
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The crushing especially was of importance, if only in view of the 
fact that large quantities of fine ore result from the dressing pro- 
cesses; for this purpose sintering in Germany is chiefly carried out 
in Dwight-Lloyd plants. New processes are in the course of 
development for the rotary driers also used for this purpose, which 
simultaneously have as an object the reduction of the ore. 

In the case of blast-furnaces the more efficient preparation of 
the charge, the physical burdening, provide considerable advantages 
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Fic. 5.—Decrease of the Coke Consumption in the Production of Pig Iron 
as the Result of “‘ Physical ”’ Burdening (A. Wagner). 


in the form of larger outputs and lower coke consumption (Fig. 5). 
The considerable waste due to flue dust is also thereby influenced. 
Fundamentally, the blast-furnace has not changed, although one 
must not omit to mention endeavours towards a smoother flow of 
the materials, a clearer arrangement of the plants, and a saving in 
human labour. 

Nowadays the charging of the furnaces is generally mechanised 
as far as possible. The inclined elevators are mostly given 
a greater capacity by means of bottom-discharge hoppers and 
skips. In some works simplified and more rapid operation has been 
attempted by the construction of motor-driven overhead trolley 
conveyors; in others preference has been given to the vertical lift 
for the charging of several furnaces with a crane running over the 
charging platform; this is due to the fact that the presence of 
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several furnaces placed in a straight line gives better results with 
this crane. The increase in output thus attained has not been 
without effect on the measures taken for the supply and storage of 
the raw material. Supply bunkers and loading plants had to be 
made to conform to the new conditions, whereby special emphasis 
was placed on exact proportioning of the charge by weight. In 
the case of ironworks which did not possess their own coking plants, 
or of which the coking plants were not large enough to meet their 
requirements, shuttle trains of large trucks were built in collabora- 
tion with the state railways for the traffic between the blast- 
furnaces and large coking plants. 

The shape of the blast-furnace has been retained in principle, 
although there exists a certain relation between the output of the 
furnaces and the dimensions of the hearth. It is of interest in this 
connection that some works at present do not build up the hearth 
bottom, the hearth itself, and the bosh with bricks, but stamp 
them out with a carbonaceous mass, with which they have so far 
had very good results. 

In order to be able to increase the output of a blast-furnace, 
e.g., in order to obtain daily outputs of 1000 tons, as compared 
with an earlier figure of 600 tons, in the case of furnaces of which 
the capacity has increased but little, it was necessary to supply 
the furnaces with corresponding volumes of blast. Investigations 
into the suitability of blow engines under changing operation 
conditions and their economic efficiency have in recent times led 
successfully to the use of turbo-blowers as the main blowing engine 
in new installations and reconstructions. For instance, in a Lower 
Rhine blast-furnace plant, a steam-turbine blowing engine with a 
capacity of 2300 cu. m. per min. at a pressure of 60 cm. of mercury 
supplies two blast-furnaces having a daily production of 1400 tons 
at a 45% yield. 

The hot-blast stove had also to be made to conform to the 
increased outputs of the furnaces. In this connection an effort 
was primarily made to employ only two hot-blast stoves regularly 
for each blast-furnace. However, as higher blast temperatures of 
900° C. and more were often used simultaneously with increased 
blast volumes, it was not sufficient to improve the gas burners 
to obtain rapid heating, and the checkerwork had also to be given 
a more suitable design. This problem was solved by the use of 
perforated, corrugated, and insert bricks, which provided the 
requisite larger heating surface capacity. In this connection, 
the practical application of thermotechnological knowledge is 
represented by the multi-zone hot-blast stove. The operation of 
hot-blast stoves has been considerably simplified by wholly or 
semi-automatic remote control, which simultaneously increases the 
reliability of operation. 

In order to improve and simplify operations, cast-house cranes, 
provided with pig-breakers and magnets, are substituted for the 
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former heavy manual labour required for the breaking and loading 
of the pig iron. Pig moulding machines have taken over the 
moulding of the pig-beds into which the iron is tapped. The tap- 
hole is opened by means of a compressed-air hammer and oxygen. 
Any danger to the furnace crew when the tap-hole is closed is 
minimised by the use of a compressed-air remote-controlled tap- 
hole gun. 

The importance of the gas production has also brought in its 
wake an improvement in gas cleaning. To the various known 
processes for wet and dry gas cleaning there has now been added 
the electro-filter, which, after having surmounted many initial 
difficulties, has now been accepted as a reliable large-scale plant 
(Fig. 14, Plate IT.). 

Blast-furnace slag has already been used for decades as a by- 
product of blast-furnace operations, both as sand and as lumps; 
its planned application in the widest sense of the word, however, 
has only been the outcome of the last few years. By suitable 
burdening it has become possible to produce in the blast-furnace 
a high-grade smelting cement with special hydraulic qualities, in 
addition to the already well-known blast-furnace cements. Besides 
the improved slag granulation processes, a new method of making 
slag pumice has recently been introduced, the importance of which 
is on the increase as a result of its manifold applications in the light 
building industries. One must further mention the use of blast- 
furnace slag as a constituent in concrete, as a material for road 
construction and rail bedding, and in certain combinations also 
as lime manure ; finally, while slag wool was formerly used only to 
a very limited extent, this slag product has to-day found new 
applications for purposes of sound and heat insulation and, further, 
as a filling mass for the interstices in the concrete construction of 
roads. 


Steelworks. 

Apart from the larger dimensions of the electric smelting plants, 
the steelworks appear to have undergone but little change. 

Open-hearth and basic Bessemer works predominate; in 
general they present the old picture, and yet it is just here that 
much planned work has been done to improve the operations and 
to lower their cost. 

The Open-Hearth Process.—Owing to the need of economising in 
fuel, the investigations into the open-hearth process were primarily 
concerned with the furnaces and their improvement. A great deal 
of work performed in collaboration by all the German steelworks 
had special reference to investigations bearing on the gize and the 
influence of losses, e.g., due to radiation, leakages, or infiltered 
air, and also to the task of raising the output of the furnaces by 
improved heat transmission, which would thus increase their 
efficiency. While the decrease of losses could be attained in a 
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comparatively simple manner by insulation, proper closing, or 
armouring, the second problem, viz., the improvement of the 
heat transmission and thus of the furnace output, presented con- 
siderable difficulties, if only owing to the fact that the laws of heat 
transmission at high temperatures were not known ; research work 
had thus to be initiated in this field. 

In this connection importance was attached to investigations 
on the great influence of the preheating of the gas and air, the attain- 
able combustion temperatures and, finally, of the luminosity of the 
flame on the working of the open-hearth furnace (Fig. 6). The know- 
ledge thus won led further to investigations on the heat interchange 
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in the regenerators, and resulted in data and a basis of calculation 
for their construction with the most suitable dimensions; further, 
it gave an impetus to tests in regard to the conditions under which a 
luminous flame is produced, &c. The detailed description of these 
conditions is the task of a separate paper, so that I need not enter 
further into them at this juncture. 

I must, however, mention the importance of the conclusions 
drawn for the entire heating process from all these observations 
and investigations; the fuel basis of our open-hearth steelworks 
was considerably enlarged. Besides the usual producer gas, with 
or without the addition of coke-oven and blast-furnace gas, a mix- 
ture of coke-oven gas and blast-furnace gas, clean unheated coke- 
oven gas, and, finally, also lignite-briquette gas are used nowadays 
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View of an Electric Gas-Cleaning Plant for blast-furnace gas. 
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on a large scale for heating the furnaces (Fig. 7). These changes 
already find their expression in the complete disappearance of gas 
producers in many works. Special mention need hardly be made 
of the fact that these different methods of heating in each case 
required a special reconstruction of the furnaces, for which highly 
refractory special bricks were also successfully used in many 
instances. 

When viewed as a whole, however, these investigations form 
only a small part of the varied work done to improve the open- 
hearth process and to lessen its cost. The further improvement 
of the metallurgical process remains the chief task. It is impossible 
to enter here even approximately into the many questions which 
confront the steel manufacturer, from the smelting process to the 
perfect ingot. I would but remind you of the perfecting of the 
different pig-and-ore processes, with and without refining mixers, 
which in each case are made to conform with local conditions, 
further, of the progress in the scrap-and-pig process with solid and 
molten charges, and finally of the newly introduced scrap-carburisa- 
tion process, which is founded solely on a scrap basis, and which 
avoids entirely the use of pig iron. Besides these processes, in- 
creasing importance is becoming attached to the duplex processes, 
t.e., the combination of the basic Bessemer with the open-hearth 
furnace, and of the basic Bessemer with the electric furnaces (Fig. 15, 
Plate IIT.). 

The object of extensive investigations has been the desire to 
influence the progress of the reactions, e.g., to obtain the best 
utilisation of the manganese in the open-hearth furnace, either by 
means of the temperature, by definite charge additions or by the 
slag composition ; these efforts are nowadays aided by the applica- 
tion of physical chemistry to the processes which take place, 
although we are in this respect at present only on the threshold 
of an immense new field. For supervising the melting practice, a 
number of works have introduced, in addition to the usual steel 
sampling, which gives information regarding the change in chemical 
composition of the bath and the important rate of decarburisa- 
tion, the slag test, which permits conclusions to be drawn with 
regard to the condition of the steel bath. 

This latter work, which can only be touched upon here, and 
the purpose of which is to increase the output and, more especially, 
to improve the quality, also finds its parallel in the casting of the 
steel; in this case an appropriate adjustment of the casting speed 
and temperature, the choice of the most suitable moulds, the 
application of special methods for dealing with piping, the electric 
heating of ingot tops, and similar measures have resulted in a 
considerable reduction of a number of difficulties, and have con- 
tributed considerably to the lowering of the number of rejects. 

The Basic Bessemer Process.—The evolution of the basic Bessemer 
process has probably not been of such a varied nature as that of 

1936—ii D 
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the open-hearth process, although considerable developments have 
taken place here also. However, there are hardly any changes to 
note in the construction of basic Bessemer plants. Only the 
sapacity of newly constructed converters has been increased, and 
we nowadays meet with capacities of from 30 to 50 tons (Fig. 8). 
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Fic, 8.—Old and most Recent Basic Bessemer Converter. Increase of 
capacity to raise the output and improve the operation. 


The advantage of these large converters is, apart from a con- 
siderable increase in output, also the better blowing of the pig iron, 
as a result of which the output is also increased. 

In the case of converters of smaller capacity, improvements 
were also made in this latter direction. They took place after the 
relation between the chemical and physical properties of the basic 
Bessemer pig iron had been recognised, as a result of which 
care is taken to provide a properly blowable and above all un- 
varying pig iron. A valuable adjunct for this purpose is the 
mixer, the development of which during the last few years, ¢.g., 
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by correct heating, makes possible the storage of the Sunday pig- 
iron production without any appreciable adverse influence on the 
basic Bessemer process. 

Further results bearing on the air flow during the blowing of 
the pig iron in the converter were applied with useful results in the 
same direction, i.e., to increase the output. Constructional im- 
provements in the converter were based on a comparative study 
of the dimensions and outputs of the German basic Bessemer 
converters; mention should be made in passing of the consider- 
able increase in the life of the lining, and especially of the bottoms 
which nowadays are often not rammed, but jolted. 

Extensive investigations into the metallurgical processes under 
various working conditions, together with the knowledge thus won, 
e.g., with regard to the relation between the melting loss and the 
manganese content of the pig iron and between the melting loss 
and the blowing period, have further contributed considerably to 
the establishment of regular and successful operations. 

It seems, however, more important that this knowledge has 
taught us to employ the basic Bessemer process for the production 
of steels for which open-hearth furnaces were formerly used. I 
need but mention the manufacture of steel for pressed nuts, tube 
strip steel, and free-cutting steel, the quality of which is far better 
in basic Bessemer than in open-hearth steel. 

The basic Bessemer slag also yields a valuable by-product for 
agricultural purposes ; in connection with the work done to improve 
it, researches have, among others, been made on its mineralogical 
constitution and its variation by different admixtures, thus obtaining 
useful practical results. 

Electric Steel Production.—In the field of electric steel production 
we can finally recognise the many-sidedness of the industry. While 
the low-frequency induction furnace has been almost completely 
ousted, the electric arc furnace to-day still stands in the front rank. 
Its operation was considerably cheapened by the co-operative work 
of the German electric steelworks, e.g., with regard to its efficiency, 
the power consumption during melting, and the most suitable 
dimensions of the transformers. Further economies were produced 
by automatic electrode control, by a special or simplified method of 
charging, and also from the metallurgical standpoint, eg., by 
decreasing the melting loss in the case of alloying metals, &c. 
Further lines of investigation on the electric-steel furnace were also 
indicated in a comprehensive report bearing on the entire field of 
constructional, electro-technical and operating conditions in all the 
Central European electric-steel furnaces. 

In spite of these considerable advances, a change can be noted 
in the case of electric steel melting, in that, owing to the develop- 
ment and considerably extended application of the coreless induction 
furnace, one can no longer speak of the supremacy of the electric 
arc furnace. The capacity of these latest furnaces, which originally 
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lay between 200 and 300 kg., has meanwhile been raised to 5 tons 
(Fig. 16, Plate IV.), while the field of application of this furnace, 
which primarily served only for melting or remelting, was similarly 
extended considerably. Extensive investigations were specially 
made with regard to the problem of making the coreless induction 
or high-frequency furnace capable of carrying out the metallurgical 
processes. The initial task was to make decarburisation possible 
in this new melting plant; then followed investigations with respect 
to the dephosphorisation and desulphurisation of the steel bath, 
which have also now been crowned with success. In any case, 
one can to-day already speak of the metallurgy of the coreless 
induction furnace. The development in this field is, however, still 
far from being completed. 


Rolling Mills. 


When considering rolling mills, we find that improvements and 
cost reductions have been obtained, not so much by revolutionary 
innovations, but rather by continual attention to detail and by the 
application and extension of results previously derived from machine 
construction and economic considerations. In many cases they 
resulted from an exact works survey, which attempted to deter- 
mine the output capacity of the individual parts of the plant— 
furnaces, supply, the rolling mill proper, with its constituent stands, 
shears, dressing shops, &c.—in order first of all to ascertain the 
bottle-neck, and then to adjust the separate parts in relation to 
each other and in accordance therewith. While the entire plant 
could thus be retained, this process frequently led to small re- 
constructions, a changed arrangement of the roll stands, the intro- 
duction of repeaters, and the more efficient design of the furnaces, 
in connection with which latter non-ceramic recuperators are used 
more and more, &c. 

More especially the capacities of the wire and small-section 
mills, the strip mills, and the thin-sheet mills were improved in this 
manner; in the case of the small-section rolling mills, cooling beds 
with a discharging device for the individual rods, in certain cases 
in groups, led to the mill being no more obstructed than is the 
case when working with reels. In this connection the flying shears, 
of which several designs have been developed more especially in 
Germany, such as the Schulte shears and the electric impact shears, 
have gained special significance. Their control may be effected 
by means of stops or also by means of the so-called “ electric eye.”’ 

The regular cutting into definite lengths not only speeds up the 
work, but also ensures a noticeable increase of oytput. The 
attention which has been devoted to roll-pass design with a view 
to obtaining a better surface condition has a similar effect. For this 
purpose the hexagonal and the oval-oval passes have been added 
to the already known pass shapes and their combinations. Pass 
design has also been investigated with regard to the energy con- 
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sumption; one of its results, e.g., in the case of ingot mills, has 
been to show that it is an advantage to roll with as few passes as 
possible, taking into consideration the properties of the material 
rolled. 

It is well known that the bearings have a considerable influence 
on the energy consumption. Great improvements are already 
effected by more careful treatment, ¢.g., by the provision of forced 
lubrication in the case of existing bearings. Very favourable 
results have been obtained in many cases by the introduction of 
wood bearings, and more recently of synthetic-resin bearings. 
When installed by experts, these latter have given surprisingly 
favourable results. In the case of new constructions the roll 
bearings play a constantly increasing part. In suitable cases, 
e.g., in rod mills, they have made possible the use of friction rolls. 

The electric roll is a widely introduced innovation in rolling 
mills, and its design provides a formerly unknown freedom of 
movement, while, in view of the possibility of substituting individual 
spare parts, it also ensures a reliability in operation not known 
before. Considerable advantages have been attained by the 
introduction of electric couplings, of which the type known as the 
Bibby coupling is most extensively used. 

New developments in strip rolling mills are still in an embryonic 
state in Germany. Several mills are at present being erected, 
and one can now already see that the manufacture of tin strip 
will have advantages over that of tin sheet. 

Further developments have already taken place in the tube 
production field. The process for the continuous manufacture 
of butt-welded tubes has been developed to a very high degree of 
output (Fig. 17, Plate V.). In seamless tube production consider- 
able improvements have been made in hollow rolling and also in 
the use of the Pilger mill and the reduction process. Tubes are 
produced in the Pilger mill up to 650 mm. in dia. and with a wall 
thickness of about 8-10 mm.; seamless rolled tubes about 60 mm. 
in dia. and 14 mm. in wall thickness have already been produced 
in alloy steels, and the reduction is effected in the latest plants, 
e.g., from 66 to 21 mm. or from 60 to 17 mm. 

A recent innovation is, further, the expanding of large thin- 
walled tubes up to 1500 mm. in dia., either in the expanding mill 
or on a press. For thin-walled tubes of smaller diameter the new 
extrusion process has proved competitive. 

Finally, there are in operation, or in course of erection, special 
mills for the production of thick-walled tubes of 600 mm. dia. 
and upwards (Fig. 18, Plate VI.). These seamless hollow bodies 
may to a certain extent be regarded as a substitute for welded 
and forged hollow bodies. Both processes have been considerably 
improved in Germany, viz., first of all the water-gas welding process, 
to which has lately been added electric welding, and then the forging 
process on the largest existing forging presses with a pressure of 
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about 15,000 tons, which may be regarded as the most efficient 
of their kind. The ability to flange or neck such hollow 
structures produces the parts such as are nowadays required for 
the construction of boilers and in the chemical industry. The 
hot-rolling of sections shows no appreciable increase. An excep- 
tion is sheet-metal piling, which has mainly been introduced from 
the German side, and which has apparently satisfied a very large 
existing demand. In connection with the welding and cold- 
working processes, such as bevelling, beading, press-drawing and 
the like, special attention is claimed by large plates and strip. The 
reconstruction in order to cope with these products is still taking 
place. The growing importance of cold-rolling mills is notable in 
connection with the introduction of multi-roll stands. 

The above-mentioned examples of the supervision and of the 
endeavour to improve the works and to reduce their costs could if 
necessary be multiplied; they must, however, suffice to characterise 
what was meant when stating the primary requirements of 
““economic management.” 


II.—IMPROVEMENTS IN THE QUALITY OF PRODUCTS. 


The efforts which were made to meet the second main require- 
ments, which include the improvement of the quality of products 
and the development of new materials, were not less exhaustive 
and successful than those mentioned above. Special importance 
must also be attached to the extraordinarily extensive efforts in 
this field, as the use of high-grade steels instead of the usual com- 
mercial quality points another important way to the effecting of 
economies. The essential requirements for success and progress 
in this realm are quality supervision and research. 


Quality Supervision. 

It has been recognised to an increasing degree that quality tests 
can never come too soon in the finishing process in order to obtain 
the most suitable material for a certain purpose, or, what in the long 
run is the same thing, for the correct choice of products for a definite 
purpose (Fig. 19, Plate VII.). Determinations on “heredity” in 
cast iron and of the effects of “ virgin” charges in the produc- 
tion of steel indicate that during the subsequent working even the 
raw materials can to some extent have an unchangeable influence, 
or one changed only with difficulty, on the properties of the finished 
product. In German steelworks ‘“ process cards” are therefore 
used extensively, and they accompany the working material from 
the time of its arrival to its dispatch, thus giving information with 
regard to each detail in the production, such as melting, tapping and 
rolling temperatures, melting and casting conditions, &c. The 
working material is, therefore, tested at all stages, primarily in order 
to allow defective pieces to be rejected as soon as possible, but 
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also in order to obtain as exact as possible a “ characteristic descrip- 
tion ’’ of the working material. 

This continuous quality supervision in the production plant 
has been solved in different ways from the point of view of organisa- 
tion. In almost every case a testing station or a ‘“ quality super- 
vision,” which is independent of the management of the different 
sections, is introduced into the manufacturing process. The 
detailed arrangement of these supervising points must in principle 
conform to the size of the works and to the description of its 
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Fria. 9.—Increase in Number of Chemical and Mechanical Tests per Ton 
of Production in a high-grade steel plant. 


products ; however, I need not say any more about this matter, as 
it applies equally to English, as well as to German and all other 
conditions. 

The continuous quality supervision in the works required the 
development of special rapid testing methods or the improvement 
of existing ones. The reason is that the test must give a result 
as rapidly as possible, which can still be taken into account in the 
same operation or which at least permits of an appropriate adjust- 
ment at the next operation. New physical and chemical rapid 
processes, ¢.g., for the determination of carbon, phosphorus, sulphur, 
the ferrous oxide content of the slag, and so on, serve this object. 
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For the same reason the apparatus and machines for metallographical 
and mechanical tests were improved, and other technological super- 
visory steps were taken (Fig. 9). Even if the innovations in this 
field are not revolutionary, it is, nevertheless, due to them that test 
results, and thus an opinion of the working material, are obtained 
in a time which does not necessitate an interruption of the working 
process. 

Such a continuous quality control leads, in conjunction with an 
exact following-up of the behaviour of the working material in use 
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by the consumer, to an exact knowledge of the material, and makes 
it possible to supply the most suitable and best material. In this 
way improvements have also been made in the old “ qualities ” 
during the last decade and a half, the practical results of which 
are a greater uniformity and the provision of material more suit- ~ 
able for the consumer’s purpose (Fig. 10). As examples one can 
mention sheets for enamelling and thin sheets for galvanising 
and tin plating. The investigation of the relations between the 
testing and the production conditions of a material formerly came 
to grief largely because the consumer did not keep exact records, 
or because he did not inform the producer of them. We need not 
investigate how far the consumer is in a position to do this, but 
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in any case it is necessary for the producer who desires to see the 
best use made of his materials to keep in touch with the manufac- 
turer and the consumer. The reason for this is that the rapid tests, 
which are practically only possible in the steelworks themselves, 
only permit of a judgment of the material supplied on the basis of 
the similarity of conclusions. On the other hand, the actual sub- 
sequent behaviour is decisive and sometimes leads to a reversal of 
the verdict derived from the rapid tests; I need but remind you of 
laboratory corrosion tests, which have not so far been devised so 
as to indicate in a short time, for instance, the resistance of steel 
to the weather. A knowledge of their behaviour can, therefore, 
not be dispensed with in the correct further development of the 
materials. In order to develop and produce the relations essential 
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Fic. 11.—Material Improvement by Research and Works Control. Frequency 
of the cupping test values of 0-8 to 1-2 mm. automobile sheets (in refer- 
ence to the Erichsen curve for deep-drawing sheets and the standard 
curve for automobile sheets according to DIN 1623). 


for this between consumers, manufacturers and producers, the 
Materials Congress and Exhibition, Berlin, 1927, which is probably 
known to everybody, was launched. By means of it the German 
steel producers also simultaneously set themselves certain tasks 
for the purpose of improving the properties of the materials (Fig. 11). 

Continuous control of the working material during production, 
and comparisons with the properties of the finished products, 
in themselves lead to an investigation of the influence of the pro- 
duction process on the quality, 7.e., of the applicability for a given 
purpose. An example of the results obtained is the fact that basic 
Bessemer steel with the same carbon content was found to possess 
a higher tensile strength and yield point, and also a more powerful 
cold-work-hardening capacity than acid open-hearth steel of similar 
composition. From this conclusions can again be drawn with refer- 
ence to special suitable uses for basic Bessemer steel. As a further 
example there should be mentioned the influence of the degree of 
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killing on the sticking and the deep-drawing capacity of thin sheets 
and on the machinability of free-cutting steels. 

Continuous material control imposes on the steel producer 
the necessity of investigating the causes of defects and their elimina- 
tion. Heat fissures in castings, sand inclusions in forgings, internal 
fissures in rails, and flakes in forgings no longer occur nowadays 
in the same degree as about ten years ago (Fig. 12). Even if the 
final cause of the defects is not always found, the simple collecting 
of works figures and their statistical application help sufficiently 
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Fic. 12.—Decrease of Material Defects in a Large Works as the result of a 
constantly improved works supervision. (When the number of com- 
plaints increases with increasing deliveries (left) the percentage diminishes 


(right).) 


to elucidate the most favourable of the applied production condi- 
tions, in regard to both freedom from defects and properties in 


use. 


Research for the Development of New Steels. 


The investigations into the influence of working processes on the 
properties of the materials extended into the realm of research 
for the development of new and better steels and cast irons. Apart 
from the need for materials with certain definite properties, which 
represents one source of research into new materials, a second 
pointer towards new materials is provided by chance, which, during 
the course of operations, unintentionally indicates a product with 
specially favourable properties. In this connection we may, for 
instance, think of free-cutting steel, the good machinability of which 
is the direct result of the, probably at first, unintended high sulphur 
and phosphorus contents. It is difficult to measure correctly 
the part played in the creation of new materials for the steel 
industry by the various steel-producing countries, which have all 
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occupied themselves with research into the improvement of their 
products. However, I believe that I am correct in saying that 
both Germany and England have not been inactive in this field, 
but that, on the contrary, they have contributed considerably to 
its development. German research has given a strong impetus to 
the improvement of the mechanical properties of cast iron from a 
metallurgical viewpoint, the development of alloy structural steels 
with a high tensile strength and yield point and yet easily welded, 
and the creation of hard-metal alloys. Let me further remind you 
of the use of the precipitation hardening process for structural 
steels and permanent magnetic alloys, of the development of 
hydrogen- and heat-resisting steels, of the fight against grain 
boundary breakdown in corrosion-resisting steels, of the production 
of special steels which retain their strength at high temperatures, 
of wear-resisting and yet tough rails, of weather-resisting structural 
steels, and of other new steels, which have properties not formerly 
obtainable, and which are being continually produced. 

The changes which have taken place in this very extensive 
field may justly be regarded as a great step forward in the develop- 
ment of the German steel industry. 

The Organisation of Research—When we ask ourselves by what 
means the advances in the works and in the improvement of quality 
which have been touched upon above, could be attained, then the 
answer is very simple: For these improvements we must thank 
planned research, which we have endeavoured to advance even 
during the period of the worst economic depression. Mention has 
already been made of how the various influences are observed in the 
works and data are gathered. These are then used in order to 
find the best operating conditions in the given circumstances, 
which make possible the attainment of the desired properties in 
the cheapest and most certain way. This works research is thus 
fundamentally an intensification and activation of experience in 
order to make more rapid use than was formerly possible of the 
latter for the elimination of defects, for the lowering of production 
costs, and for the improvement of our products. In this connec- 
tion there naturally arise problems, the following up of which would 
be too costly and time-consuming in the works, and which can also 
be more or less completely solved under the simplified conditions 
of a laboratory investigation. On the other hand, there constantly 
exist problems in the steel industry which belong exclusively to the 
domain of laboratory research, such as, for instance, the development 
of new materials. This explains why the number of testing plants 
and research institutes has increased so greatly since the war in 
the German steelworks, and to-day there is probably hardly a 
steelworks in Germany which has not provided itself with such a 
means for laboratory investigations. The fact that very special 
importance must be assigned to pure research, apart from research 
directed towards a definite purpose, has been strongly emphasised 
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by the German steel industry by their new and large research 
institute, the Kaiser-Wilhelm-Institut fiir Eisenforschung (Fig. 20, 
Plate VIII.), which was built last year and of which your visit 
will be able to give you a personal impression. 


IIJ.—TuHr PRosBLEMS OF THE FUTURE. 


Without this research, both in the works and in the scientific 
institutes, further developments in the future would be unthink- 
able, and it is indispensable for us. Finally, in order to give a 
short survey of the problems which involve our future labours, 
it is possible to say that, on the production side, with a further 
increase in the demand for iron and steel and with simultaneously 
decreasing quantities of resulting scrap, all those processes will be 
developed which permit of the working of larger quantities of pig 
iron than before with the best results from the points of view of 
quality and economy. Further endeavours will also be made to 
work poorer iron ores on an economic basis, and this in turn will 
have its effect on the development of the dressing technique. I have 
already referred shortly to the present-day position of the dressing 
and preparation of ores prior to smelting; I should add that exten- 
sive trials have already been made to smelt low-grade ores in the 
raw state by special processes. 

For economic reasons we must further investigate how far 
the number of the still usual pig irons can be limited and replaced 
by a small number capable of being used for several purposes. 

It is possible that the use of oxygen-enriched blast will lead to 
the opening-up of new paths for the metallurgy of the blast-furnace, 
as well as for the melting of steel. Large-scale tests with a trial 
blast-furnace and oxygen-enriched blast have shown that both 
metallurgical and economic improvements may be expected; they 
may here simply be explained by the fact that for a given coke 
charge the amount of heat available for the reactions in the hearth 
is increased. The use of oxygen-enriched blast will therefore 
result in a saving of coke amounting, according to tests so far made, 
to about 10-15%, while the ability to work at higher temperatures 
and with slag containing more lime will have an even greater 
influence on the output and the composition of the pig iron. 

Oxygen-enriched blast may also be employed successfully in 
the basic Bessemer process. As may be expected, the blow is then 
considerably shorter and the temperature higher, so that it is 
possible to work larger quantities of scrap even in small and narrow 
converters. The economic aspect is naturally influenced by the 
cost of the oxygen. 

Future investigations must indicate what other possibilities are 
offered by the use of oxygen-enriched blast. 

As one of the existing problems in rolling-mills, one must regard 
the further development of the extrusion of tubes and sections, 
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which in itself corresponds to the well-known process of pressing 
metals and with which, as has already been mentioned, e.g., in 
the case of high-alloyed steels, some successes have already been 
attained. Although future development may probably be expected, 
the development of the process of rolling from the molten condition 
without prior casting of the steel into ingots also appears to be of 
importance. Although these problems are so attractive in them- 
selves, the work in this direction is still in its infancy, and the 
first stage has so far not been exceeded. 

In order to characterise the further development of our steel 
qualities it would be necessary to review the many investigations 
at present in hand and projected. I may confine myself here to a 
short mention of the most important fields which have so far been 
invaded. It is the duty of future work to increase, in as economical 
a fashion as possible, the weather- and corrosion-resistance of the 
common structural steels, as well as to improve the wear resistance, 
more especially that of rail steel. Developments primarily benefit 
the consumer, whose expenses for repairs and maintenance are 
lowered, although they are just as advantageous for the steel 
producer, as new realms of application are opened up for the im- 
proved material. This applies more especially to the non-scaling 
and hydrogen-resisting steels, as the practicability of new technical 
methods is partly dependent upon their development. Further 
we must not forget the materials with high tensile properties at 
raised temperatures and high creep strength even at very high 
temperatures, and also steels for transformers and dynamos, on the 
improvement of which work is being done in many places. 


Gentlemen! Please allow me to close with these remarks. 
I have attempted—in so far as this is at all possible within the 
limits of such a short paper—to give you an outline of the 
events and the development which have taken place in our German 
steelworks during the last fifteen years. I have deliberately con- 
fined myself to the illustration of the technical aspect, and have 
not entered into the many problems of labour management and 
technical training and of the endeavours to provide a succeeding 
generation which meets the inevitably high requirements, and | 
have not done so because such problems are too large and important 
for them to be dealt with in a few words. Together with research 
they are an essential pre-requisite for technical progress. 

The greatest success, however, can only be obtained by under- 
standing collaboration. In addition to the necessity for the latter 
within the several divisions of a works, of the plants, of the control 
departments, and of the research institute, it must also extend 
further and lead to a frank exchange of experience between the 
works themselves, which already finds expression in the splendid 
work of the Iron and Steel. Institute and of the joint work 
within the Technical Committees of our Association. And if, in 
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addition, we try by our common labours to solve the problems 
which beset the steel manufacturer both in England and in Germany, 
such as your present Autumn Meeting, then, I believe, we are 
doing our utmost to advance the common welfare and prosperity of 
our two countries. 


Gliickauf! Good luck ! 
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THE ROLL PROBLEM IN BACKED-UP 
MILLS FOR COLD REDUCTION.! 


By GEO. A. V. RUSSELL, Wu.Ex., Assoc.M.Inst.C.E., AND 
S. S. SMITH, M.Mer. (BirMINGHAM). 


SUMMARY. 


The development of heavy cold-rolling operations on mills of the 
backed-up type has drawn attention to the rolls employed. The 
paper is a record of experience with both the working and backing 
rolls in a large installation. The various types of roll used or now 
available are considered from the standpoints of use and manufacture, 
and characteristic modes of failure are illustrated and examined. 
The stress relationships occurring are then contrasted with those 
obtaining in the rolls of mills of the ordinary two-high type. Finally, 
some suggestions are advanced for improving backed-up roll per- 
formance. 


I.— INTRODUCTION. 


A NOTABLE recent development in the processing of thin wide flat 
steel products has been the evolution of cold-rolling from a mere sizing 
and polishing operation, carried out as sparingly as possible, into an 
economic means of effecting a substantial reduction in thickness of 
such products. The same tendency has been manifest in sheet copper 
production. In brass manufacture, whilst hot-rolling is supplant- 
ing cold-rolling at the “ breaking-down ” stage, drastic cold-rolling 
of greater widths and unit weights has also intensified the applica- 
tion of cold-reduction in this field. Thus, in the entire domain of 
flat products production, heavy cold-rolling is assuming an increas- 
ing degree of importance as an economic means of improving 
metallurgical, superficial, and dimensional qualities. 

This revolutionary change has been largely brought about 
through the virtual rediscovery of the potentialities of the backed-up 
mill concurrently with the development of improved roll-neck 
bearings. It may be fairly asserted that cold-rolling mills of this 
type are now capable of meeting all reasonable demands in the 
way of drafting, cross-sectional accuracy, speed of rolling, and 
manipulative convenience, both in the case of strip production and 
in rolling individual pieces. 

The designation “ backed-up mill” is restricted in the present 
paper to mills having a symmetrical arrangement of rolls about 
the pass line, and in particular to the four-high type. Mills embody- 
ing the backing-up principle without engaging the stock in a 
symmetrical roll system, as in three-high ‘ Lauth ”’ mills, are not 


considered. 
1 Received June 20, 1936. 
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As is now well known, the first striking demonstration of the 
utility of backed-up mills in effecting heavy reductions in cold-rolling 
practice took place, in 1924, at the Huntington plant of the Inter- 
national Nickel Co., a cluster mill being used. The results obtained 
led naturally to a considerable early development in mills of this 
type. Soon afterwards the equally successful pioneer modern four- 
high cold mill at the Rome works of the Revere Copper and Brass 
Corporation focused attention on the alternative design. Since 
1929 the cluster mill has lost ground rapidly, while the four-high 
type has increased in favour to such an extent that it is now virtually 
in sole possession of the field, both for hot- and cold-rolling. 

The astonishing progress in cold-rolling practice that has been 
made within the last decade has not been achieved without en- 
countering obstacles, which have proved far from easy to over- 
come. Some of these major problems have already been solved, 
as, for example, the control of tension in strip rolling, the control 
of cross-sectional shape, and the handling of  stock—decoiling, 
guiding, engagement or “ sticking,” coiling, &c. Others, it must 
be admitted, have been only partially solved, and the residuum 
continues to impose definite restrictions upon the exploitation of 
this manufacturing technique. One such obstacle is undoubtedly 
presented by the working rolls, and when the conditions under 
which these are called upon to function are borne in mind, it is 
scarcely surprising that their performance is not all that could be 
desired, so near must they work to the limits of endurance of the 
material employed. 

The difficulties which have been encountered with the backing 
or supporting rolls, while far less acute, have nevertheless been a 
source of anxiety to operators, and their economic effects have 
exerted a prejudicial influence on maintenance costs. 

In view of the increasing interest now being displayed in Britain 
in heavy cold-rolling, it occurred to the authors that a useful pur- 
pose might be served if they were to place on record the results of 
a fairly extended experience with the rolls of a modern installation 
of backed-up mills of the four-high type for the processing of brass 
and copper sheet and strip. This review would also afford an oppor- 
tunity of laying before the Institute certain views on some possible 
means for improving roll performance. 

While the authors’ approach to this subject is primarily from 
the users’ standpoint, the opportunities they have enjoyed of be- 
coming acquainted with the manufacturing practice of most 
European makers of hardened steel rolls have given them a lively 
appreciation of the great difficulties which face the manufacturers 
of these exacting products. They do, accordingly, realise the efforts 
expended in bringing these to their present standard of quality, 
apart from attempting to enhance those properties which are 
clearly indicated as needful to secure better operating performance. 

It is hoped that the paper will draw attention to those problems 
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which confront both the steel and the non-ferrous sections of the 
flat rolling industry. The evidence available would appear to show 
that the most promising direction in which progress can be made 
is, first, through a frank exposition of the present position ; secondly, 
a consideration of the reasons for the results obtained, and, then, 
close co-operative effort between makers and users in the exploration 
of promising means of amelioration. 

In succeeding sections the relevant features of therolling-mill units 
upon which the authors’ observations are founded will be described. 
Afterwards, the types of working and backing rolls which have been 
employed, or are now available, will be discussed, and here manu- 
facturing methods will also be considered. Follows a section in 
which the actual experience in the use of these rolls is detailed. 
The results of this experience are then summarised, and an attempt 
is made to analyse the stress relationships existing in the working 
and backing rolls of four-high mills, in contrast with those encoun- 
tered in ordinary two-high mills, for the authors appreciate this 
contrast through their association with the mills to be described and 
older large installations of cold-rolling plant of conventional type. 
Lastly, some suggestions will be advanced for improving the quality 
of such rolls as measured by their performance in severe cold- 
rolling operations. 


II.—DeEscrirption oF Mitt PLAnt. 


In the plant with which the authors are connected there are 
six sizes of four-high cold mills. Five of these, rolling strip, have 
rolls ranging in barrel length from 13 in. to 32 in., whilst the remaining 
unit is a sheet mill with 60-in. rolls. There are altogether ten 
stands. To present conveniently the requisite particulars of roll 
dimensions, rolling conditions, &c., for assessing the duty demanded 
from the rolls in the different mills a data sheet has been prepared 
for each. This also includes a dimensioned sketch of the working 
and backing rolls. 

Fig. 1 refers to the most heavily worked mill in the plant. This 
makes the first cold reduction on the hot-broken stock, which 
varies from 0-125 in. to 0-30 in. in thickness and averages 0-160 in. 
Fig. 7 (Plate LX.) is a general view of this heavily proportioned mill. 
Fig. 2 applies to a three-stand tandem, intermediate and finishing 
train for thick strip. This is shown in Fig. 8 (Plate X.). The 
next chart, Fig. 3, gives similar information respecting a reversing- 
type intermediate and finishing mill for medium-gauge material. 
In this mill (shown in Fig. 9, Plate XI.) the ends of the strip do 
not emerge from the rolls at the completion of a pass, but are 
retained between them until the stock is reduced the desired 
amount. Screwing between passes thus takes place against the 
resistance of the metal. Fig. 4 refers to the sheet mill which is 
fed from the units just mentioned and of which a view is given in 
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15.1 36 x 32° FOUR-HIGH 
COLD STRIP MILL. 
































ROLLS 
RATIO:— BACKING ROLL DIA: WORKING POLL DIA 2:4: 


TYPE & MATERIAL: WORKING HARDENED FORGED STEEL 


95 SHORE MIN/MUM. 


BACKING COMPOUND TYPE ORIGINALLY 
HAVING CHILLED-/RON SHELLS, 
NOW REPLACED WITH FORGED 
STEEL SHELLS. 


MOUNTING: WORKING BABBITED PLAIN BEARINGS 
BACKING TWO SKF DOUBLE POW POLLERP 
BEARINGS PER NECK. 
CAMBER WORKING. POSITIVE 
BACKING PARALLEL 


CAMBER CONTROL WORKING POLLS GROUND TO 
THE REQUIRED CAMBER. 


COOLING FACILITIES WATER SPRAYS AT 


CONTROLLED TEMPERATURES, 





MAX, TORQUE / WORKING ROLL 95,000 LBS. FT: 
REVS [MIN OF WORKING POLLS 1S & 22-5 
ROLLING CONDITIONS. 

ROLLING SPEED 60 8 90 FT/MIN 

MAXIMUM WIDTH ROLLED 26" 

MAXIMUM REDUCTION / PASS o-075 

MAXIMUM ROLLING LOAD (ESTIMATED) 800 TONS 

RANGE OF THICKNESS OF PRODUCT 0:06"- 0-30" | 

METHOD OF STOCK INSERTION. HYORAULICALLY 
OPERATED FEEDING 
DEVICE. 











Fria. 1.—Roll Particulars of 15 in. and 36 in. xX 32-in. Mill. 
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CAMBER CONTROL 


COOLING FACILITIES, 


MAX TORQUE / WORKING ROLL 


evs /Mn. GQ WORKING ROLLS 


ROLLING CONDITIONS. 








POLLING SPEED 
MAXIMUM WIDTH POLLED. 


MAXIMUM REDUCTION /. PASS 


MAXIMUM ROLLING LOAD (ESTIMATED) 


RANGE OF THICKNESS OF PRODUCT 


METHOD OF STOCK INSERTION. 


__ 2:72 
| 
= 
g i 
ee 
a |S 
Bo: a! 
: a) + 
| a 
ane ee ee 
| 2:0%" | 2:0% 
' 
a 
ROLLS 
RATIO‘-BACKING ROLL OIA’ WORKING ROLL DIA 
TYPE & MATERIAL : WORKING 
BACKING 
MOUNTING: | WORKING 
1 BACKING 
CAMBER : WORKING 
BACKING 


— ae a 


2-931 
HARDENED FORGED STEEL 
95 SHORE MINIMUM. 
COMPOUND TYPE , ORIGINALLY 
HAVING CHILLED - /RON SHELLS, 
NOW REPLACED WITH FORGED 
STEEL SHELLS 
BABBITED PLAIN BEARINGS. 
TWOS.KF OOUBLE POW POLLER 
BEARINGS PER NECK 
POSITIVE 
PARALLEL 
WORKING ROLLS GROUND TO 
THE REQUIRED CAMBER. 
WATER SPRAYS AT 
CON TROLLED TEMPERATURES 
30.000 L8S5 FT 


IT STANO: 0-25, 8° STAND: 0-80. 


/IUSTAND:0- 78 FT / MIN. 
3° STANO: O- 250. 

26 

0:050' 

600 TONS 

0-050 — 0+20° 

PINCH - ROLL UNIT & ROLLEFP 
FLATTENER iN FRONT OF 


FIRST STAND. 











Fic. 2.—Roll Particulars of 12 in. and 35} in. x 32-in, Mill. 
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ROLLS 


TYPE & MATERIAL: WORKING 


BACKING 
MOUNTING : WORKING 

BACKING 
CAMBER: WORKING 

BACKING 


CAMBER CONTROL 


COOLING FACILITIES 


MAX TORQUE / WORKING ROLL 
REVS IN OF WORKING ROLLS 
ROLLING CONDITIONS. 


ROLLING SPEED 





MAXIMUM WIDTH ROLLED 

MAximuM REDUCTION | PASS 

MAXIMUM ROLLING LOAD (és7™ma 70) 
RANGE OF THICKNESS OF PRODUCT 


METHOD OF STOCK /NSERTION. 





RATIO:-BACKING ROLL DIA: WORKING ROLL DIA 


5+ 3831 
HARDENED FORGED STEEL 
95 SHORE MINIMUM 
COMPOUND TYPE WITH 
CHILLED - IRON SHELLS. 
BABBITEO PLAIN BEARINGS. 
TWO SKF DOUBLE ROW ROLLER 
BEARINGS PER NECK. 
POSITIVE. 
PARALLEL. 
ADJUSTMENT IF COOLING 
JETS. 
SOLUBLE Of, SOLUTION 


CIPCULATED IN CLOSED 
SYSTEM. 


20,000 L85.FT 


to - 446. 


£0 — 400 FT, / mu. 

26" 

0-050" 

600 TONS. 

0-010" — 0-069,” 
PNEUMATICALLY OPERATED 
FEED TABLES. (STRIP DOES 
NOT LEAVE ROLLS DURING 
REDUCTION) 








Fia. 3.—Roll Particulars of 10} in. and 35} in. x 32-in. Reversing Mill. 
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ROLLS /— - 
RATIO:- BACKING ROLL DIA: WORKING ROLL DIA 2-631 
TYPE & MATERIAL: WORKING HARDENED FORGED STEEL 

95 SHORE MINIMUM 
BACKING COMPOUND TYPE WITH 
CHILLEO- IRON SHELL 
MOUNTING: WORKING BABBITED PLAIN BEARINGS. 
BACKING 7WO SKF DOUBLE ROW ROLLER 
BEARINGS PER NECK 
CAMBER: WORKING POSITIVE 
BACKING PARALLEL. 
CAMBER CONTROL WORKING ROLLS GROUND TO 
REQUIRED CAMBER 
COOLING FACILITIES. PROVISION FOR COOLANT 
C/RCULATION SYSTEM, BUT 
NOT YET IN USE 
MAX. TORQUE [WORKING POLL. 90,000 L8S FT 
REVS MIN. OF WORKING ROLLS 18 
ROLLING CONDITIONS. 
ROLLING SPEEDO 76 FT/MIN. 
MAXIMUM WIDTH POLLED. 54" 
MAXIMUM REDUCTION VA PASS. 0-050" 
MAXIMUM ROLLING LOAD (ESTIMATED) 4300 TONS 
RANGE OF THICKNESS OF PRODUCT 0-0150"= 0:250° 
METHOO OF STOCK INSERTION PAIR OF PINCH ROLLS REVOLVING 
SLOWER THAN MAIN ROLLS, & 
QRIVEN BY INDEPENDENT 
MOTOR WHICH GENERATES AT q 
ROLL SPEEDO TO BRAKE STOCK 











Fia. 4.—Roll Particulars of 16 in. and 42 in. x 60-in. Sheet Mill. 
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CAMBER CONTROL 


COOLING FACILITIES 


MAX. TORQUE / WORKING ROLL 
REVS /MIN. OF WORKING ROLLS 
ROLLING CONDITIONS. 








ROLLING SPEEO. 
MAXIMUM WIOTH FOLLED 
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RANGE OF THICKNESS OF PRODUCT 


METHOD OF STOCK /NSERTION. 


ROLLS. 
RATIO:— BACKING ROLL DIA: WORKING ROLL DIA 
TYPE & MATERIAL WORKING 
BACKING 
MOUNTING: WORKING. 
BACKING 
CAMBER: WORKING 
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ae 
HARDENED FORGED STEEL 
95S SHORE MINIMUM. 


COMPOUND TYPE, OR/GINALLY 
HAVING CHILL EOD-IRON SHELLS, 
NOW REPLACED WITH FORGED 
STEEL SHELLS. 

BABBITED PLAIN BEARINGS. 


TWO S.K.F. DOUBLE ROW ROLLER 

BEARINGS PER NECK 
POSITIVE 

PRPALLEL. 

ADJUSTMENT OF COOLING 
JETS. 

SOLUBLE O/L SOLUTION 

CIRCULATED IN CLOSED 

SYSTEM. 
7300 £85. FT. 


427 & 170. 


300 & 400 FT. / MIN 


6 
0-020" 

250 TONS 

0:0050" — 0-030" 


PAIR OF PINCH ROLLSREVOLVING 
SLOWER THAN MAIN POLLS, 

& ORIVEN BY INDEPENDENT 
MOTOR, WHICH GENERATES AT 
POLL SPEEOS, & THUS 
QRAKES THE STRIP: 








Fig 5.—Rall Particulars of 9 in. and 2 7 in. x 20-in. Mills. 
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RPATIO:~ BACKING ROLL DIA: WORKING POLL DIA 
TYPE & MATERIAL: WORKING 
BACKING 
MOUN TING: WORKING 
BACKING 
CAMBEP: WORKING 
BACKING 


MAXIMUM ROLLING LOAD (ESTIMATED) 


PANGE OF THICKNESS OF PRODUCT. 


METHOD OF STOCK INSERTION. 
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HARDENED FORGED STEEL 
95 SHORE MINIMUM. 
COMPOUND TYPE, ORIGINALLY 

HAVING CHILLED - IRON SHELLS, 
NOW REPLACED WITH FORGEO 

STEEL SHELLS. 

SABBITED PLAIN BEARINGS 
TWO S.K F DOUBLE POW ROLLER 
BEARINGS PER NECK 
PARALLEL. 

PARALLEL 
ADJUSTMENT OF COOLING 
SETS. 

SOLUBLE Of. SOLUTION 
CIPCULATED IN CLOSED 
SYSTEM 


2,300 48s Fr 


145 & 217 


300 & 450 FT/MIN 
10" 

‘ 
0-020 
160 TONS. 

’ " 
0-0050 - 0:030 
PNEUMATICALLY OPERATED 


FEED TABLE. 








Fia. 6.—Roll Particulars of 8 in. and 24 in. x 13-in. Mills. 
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Fig. 10 (Plate XII.). Figs. 5 and 6 give particulars of the two 
smallest sizes of strip finishing mills for narrower widths down to the 
thinnest gauge. The larger size, illustrated in Fig. 11 (Plate XIII.), 
can deal with stock up to 15 in. wide, and the smaller up to 10 in. 

All these mills have been designed for intensive operation and 
have been equipped with highly-developed handling devices to 
ensure a high efficiency of utilisation. 

From the particulars given on the data sheets it will be observed 
that relatively large working roll diameters have been selected in 
all cases, with the object of facilitating stock engagement and 
diminishing the rate of surface wear. The diameters of the backing 
rolls have been arrived at from a consideration of the neck area 
necessary to sustain the rolling load and the radial clearances 
demanded by roller bearings having sufficient capacity to carry 
this load for a minimum of 9000 rolling hours without appreciable 
deterioration. This method of proportioning has also resulted in 
generous diameters for these components. 


IIT.—GENERAL CHARACTERISTICS OF WORKING AND BACKING 
Rot.s. 
Working Rolls. 


The hardened (forged) steel roll has, since its commercial intro- 
duction by Krupp, about 1818, been a vital factor in the cold- 
rolling industry. Its uses, and dimensions, have continually 
increased, and now it is this type of roll which is perhaps most 
largely used as the working roll in the four-high mill. In traction 
rolling mills, such as the Steckel mill, a roll made of high-speed 
steel is frequently employed. For conventional four-high mills 
alloy cast-iron rolls are now finding a useful place, particularly in 
the United States. The old chilled-iron roll of about 60-70 sclero- 
scope hardness is, on the other hand, not successful, nor, as far as 
the authors are aware, are steel rolls treated to a similar, or slightly 
higher, hardness. 

Thus, the attention of the user turns inevitably to the carbon- 
chromium steel rolls containing 0-85-1:0% of carbon and 1-0- 
20% of chromium; to a newer type containing nominally 2% 
of carbon, 12% of chromium (used generally for small sizes), or 
to the alloy-iron roll. The last of these types is usually based 
on the composition range set forth in British Patent No. 279,414 
(International Nickel Co., Ltd.), and for maximum hardness (about 
100 scleroscope) the nominal composition recommended is 4:5%, of 
nickel, 1-5% of chromium, and a high carbon content (up to 4%). 
At present, in Great Britain, at any rate, the use of this type of 
roll is restricted, largely, it is considered, because its production 
requires a technique which is, as yet, in its relatively early stages 
of development. Further, it does appear to call for facilities, in 
the way of melting and annealing equipment, grinding plant, &c., 
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of a more elaborate and extensive character than are generally 
available in a roll foundry. Finally, the precise field for these rolls 
is still undetermined. ‘Thus, one encounters varying recommenda- 
tions, as, for instance (and this is of immediate interest), that, 
according to one maker, such rolls are not suitable for use in strip 
mills, and, according to another, that they are. Again, one maker 
will not undertake the manufacture of a roll of a barrel length of less 
than 30 in., whilst another will not exceed 20 in. In reviewing the 
facts it appears that the lower prime cost, coupled with certain 
possible advantages to be mentioned later, render rolls of this type 
attractive. 


TaBLE I.—Alternative Practices for Production of Hardened Forged- 


Melting shop. 
Charge. 
Type of furnace. 
Type of ingot. 


Teeming. 


Forge. 
Heating for forging. 


Forging. 
Coefficient of working. 


Heat-treatment department. 
Preparation for 
machining. 


Machine shop. 


Machining. 


Heat-treatment department. 
Preparation for hard- 


ening. 
Neck protection device. 
Protection of roll sur- 
face (during heating). 
Heating conditions. 
Quenching conditions. 
Tempering conditions. 


Inspection. 
Hardness tests. 


Etching. 


Steel Rolls. 


All-Swedish base, or specially high-grade scrap. 

High-frequency induction, or arc. 

Square section (small), or octagon (large), or round, 
cast with wide end up. 

Top- or bottom-poured (in groups or singly). 


Ingots direct to forge furnace, or soaking pit and 
forge furnace. 

15-ton steam hammer (small rolls) to 2,000-ton 
steam-hydraulic forging press. 

1 to 2}, 1 to 3, or 1 to 4. 


Anneal or cool in sand from forging. 


Rough machine and bore centre, or rough machine 
and trepan centre. 


Normalise and anneal, or anneal and oil-quench, 
or oil-quench and anneal. 

None (roll not fully heated throughout), or asbestos 
sleeves, or steel sleeves with asbestos packing. 

None, or special lagging. 


Horizontal gas-fired furnace, or vertical gas-fired 
furnace or lead pot. 

Submerged perforated coil, or submerged tan- 
gential jets, or vertical flush tank. 

Water, or oil bath. 


Bulb- or dial-type Shore scleroscope, or Schuchardt 
and Schiitte instrument. 

None, or 6% alcoholic nitric acid, or saturated 
alcoholic solution of picric acid. 
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The authors have had experience of alloy-iron rolls in older two- 


high mills, and, recently, a limited opportunity to study their 


behaviour in the 9 in. x 20-in. and 15 in. x 32-in. mills referred to 
in Section IT. They must, however, suspend final judgment on the 
alloy-iron roll until more data have accumulated. 

In the meantime, in the authors’ plant the carbon-chromium 
steel working roll of 95 (minimum) scleroscope hardness has been, 
and is likely for some time to be, the most important type. Whilst 
it is not within the scope of the present paper to embark upon any 
detailed treatment of the technique of roll production, it may be 
permissible to offer a few comments on this subject. 

As already mentioned, the authors do appreciate the serious 

difficulties involved in the various manufacturing operations, but 
at the same, time they have been impressed by the differences 
in technique encountered. An indication of such divergencies is 
provided in Table I., which attempts to show the alternative 
methods adopted at various important stages in manufacture, and, 
whilst the data are in no way complete, they indicate the existing 
lack of standardisation. In this connection, the view formed is 
that economic necessity has often dictated the use of such plant as 
is available, rather than incur the outlay on specialised facilities. 
This policy should not, however, preclude a certain degree of 
standardisation, which might be advantageous to the producer and 
would certainly be of value to the user. As examples of possible 
features capable of standardisation, composition and “ quality ”’ 
tests may be cited. Speaking generally, it is found that the carbon- 
chromium steel roll contains, as mentioned above, 0-85-1-0% of 
sarbon and 1-0-2-0% of chromium. Some makers elect to use one 
composition—e.g., 0:859% of carbon and 1-:0% of chromium— 
throughout, whilst others vary the carbon/chromium ratio accord- 
ing to the dimensions of the roll involved. In the latter practice, 
the carbon content is slightly lowered, and the chromium content 
slightly raised, as the roll diameter is increased. This would, it is 
considered, be conducive to a greater control of the depth of 
hardening and to standardisation of the finished product. 

The “quality ” tests, which are generally regarded as trade 
secrets, are, in certain works, brought to a high standard of efficiency 
and effectively evaluate the merits of the ingot, of the subsequent 
forging and, to a lesser extent, of the finished roll. Whilst such 
tests have only a specific applicability, most of them could, with 
advantage, be used by all makers. Not the least of the advantages 
gained would be a minimisation of the risks involved in the harden- 
ing, for in failure at this stage lies the cause of too frequent dis- 
appointments to both maker and user. The adverse effect on mill 
operations of delays in delivery of upwards of a year, as has been 
experienced by the authors, will be appreciated by other roll users. 

In later sections of this paper it will be shown that there is a 
field of roll usage which has not yet been successfully filled, and 
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it may be repeated that the authors had in mind, as one of their 
objects, to make a plea for the co-operation of the makers, with 
each other and with the users, in order that the needs arising in 
the extending use of the four-high mill should be satisfied. Such 
a plea may, it is felt, be made to the producer of both the hard 
forged-steel roll and the alloy-iron roll, and below, following a 
statement regarding actual works experience, certain possible lines 
of useful development are indicated as being something of a users’ 
contribution to such a co-operative effort. 


Backing Rolls. 

These massive components of a mill are called upon to fulfil a 
most important function, in that they are designed to “ support ”’ 
the relatively slender working rolls. A variety of steels and chilled 
iron have been suggested as suitable media for their manufacture. 
Frequently these rolls are made in one piece, or, alternatively, they 
are of the built-up type, 7.e., a forged-steel shaft with a shrunk-on 
shell in steel or chilled iron. The authors have favoured the com- 
posite roll on both metallurgical and engineering grounds. As will 
be shown later, their experience has indicated that much more 
satisfactory results are to be expected from steel-faced rolls than 
those with cast-iron shells. At this point it remains only to indicate 
the nature of the steel involved. Two types of steel have been 
used successfully for the shell; these contain nominally 0-8% of 
carbon, 2% of nickel, and 2% of chromium, and 0-4°% of carbon, 
2-5% of nickel, 0-6% of chromium, and 0-6% of molybdenum, 
respectively. The shaft, on the other hand, is usually made in 
straight 0-5°% carbon, or 0-5°% carbon, 1% manganese, 1% nickel 
steel. 

These two types of roll have usually been specified to show a 
nominal hardness of 60 scleroscope. This represents a compromise 
between various makers’ recommendations, who state on the one 
hand, for instance, that rolls should be 45 scleroscope, or, at the 
other extreme, 90 scleroscope (in the latter case carbon-chromium 
roll steel being suggested). 

Much has been said by the protagonists regarding the merits 
of the “ soft’? or “ hard ”’ backing roll. Thus, it is claimed that 
the soft roll provides a sort of “ safety valve,” in that, if a foreign 
body passes between the working and backing rolls, the latter is 
locally deformed plastically and so minimises the extent of damage 
to the working roll. On the other hand, the hard roll is stated to 
provide more adequate support, because permanent plastic deforma- 
tion of its surface through the embedding of the working roll is 
prevented. The authors have not, with the rolls under review, 
encountered this effect, and since, within the elastic limit, no less 
deformation is to be expected in the case of the hard than in the 
case of the soft shells, the former have not been adopted, especially 
as their cost is much greater. The result has thus been that, as 
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mentioned earlier, a successful compromise, at about 60 scleroscope 
hardness, has been reached. 


IV.—OPERATING EXPERIENCE. 


Having briefly described the plant itself, and the types of rolls 
used, it now remains to discuss experiences with the plant and rolls 
acting in conjunction with each other in producing strip or sheet. 
In the first instance the working rolls will be dealt with, and later 
the backing rolls will receive attention. 


Working Rolls. 


Broadly speaking, it must be admitted that, both in respect 
of the frequency and seriousness of reconditioning rendered necessary 
by working conditions, and of the ultimate length of life, rolls used 
in the modern four-high mill are less satisfactory than are those 
used in the conventional two-high mills engaged in the cold reduc- 
tion of similar materials. In view of the less drastic working 
conditions encountered in the latter case, these facts are not 
unexpected. 

Even apart from the large sheet mill (data sheet, Fig. 4), a 
wide range of roll sizes is covered by the mills under observation, 
and these, handling, as they do, strip at various gauges and widths, 
present a variety of problems arising from the types of failure 
encountered. The actual failures experienced can, however, be 
classified under three headings thus : 


(a) Manufacturing defects. 
(6) Surface defects. 
(c) Fractures. 


Each of these classes merits further attention, and it is pro- 
posed to illustrate them by reference to experience, which, unless 
otherwise stated, refers to the hardened forged carbon-chromium- 
steel roll. 

(a) Manufacturing Defects —Such defects as can be directly 
traced to faulty workmanship on the part of the roll maker are 
infrequent in their occurrence. Entry into service of rolls showing 
these defects can, in large measure, be regarded as being prevented 
by the stringency of the inspection methods employed by the makers 
themselves, but at the same time it behoves the roll user to supple- 
ment that inspection. Apart from a visual examination intended 
to determine absence of “ pin-holes’’ or other apparent defects, 
the most obvious test is that for hardness, usually made by one or 
other form of scleroscope. This test suffers from the disadvantage 
that soft spots may escape detection, and the existence of such de- 
fects, or of uneven hardening of the ends of the barrel, in an other- 
wise adequately hard roll, may lead, according to the authors’ 
experience, to a danger of complete failure. Thus, an etch test has 
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been developed. The media used are either a 5% alcoholic solution 
of nitric acid or a saturated alcoholic solution of picric acid. The 
entire surface of the roll is etched, after an adequate cleaning and 
degreasing treatment, and any excess reagent and reaction products 
are washed off with a copious supply of methylated spirits. In 
order that the final polish imparted to the rolls for despatch to the 
customer may not be impaired, this test is usually effected in the 
maker’s works, in the presence of an inspector or of an employee 
of the maker approved by the purchaser. 

Through the use of this method various defects have been 
detected, since the dark-etching characteristics of soft (probably 
troostitic) zones provide a striking contrast to the general back- 
ground, as may be seen by reference to Fig. 12 (Plate XIV.). The 
soft zones so detected are usually due to accidents in hardening, and 
appear as isolated spots, or as an irregularity at the junctions between 
the fully hard parts of the barrel and the softer end zones, or, finally, 
as grinding marks set up by too heavy application of the wheel or 
vibration in the grinding machine itself. Thus the hardness and etch 
tests in conjunction should serve to eliminate any rolls with inferior 
surface properties, and if the surface of a particular roll on examina- 
tion is found to be free from “ pin-holes ”’ and the centre bore is 
deemed adequately smooth, it may be considered suitable for entry 
into service. 

At this juncture it is proposed to mention only two other types 
of failure which are, it is considered, attributable to deficiencies 
in the maker’s practice. The first of these is inadequate depth 
of hardening. A roll may be shown by both scleroscope and etch 
tests, to be adequately hard superficially, but to develop to an 
abnormal extent what are known as “back end” or “tail” 
marks, 7.e., dimple-like depressions produced by the entry or 
exit of the strip, examples of which may be seen in the vicinity 
of the spall on the roll shown in Fig. 16 (Plate XVI.). That this 
phenomenon is inherent in, or is the consequence of, the methods 
adopted by the maker, or, alternatively, is due to the characteristics 
of the individual forging, is shown by a recent experience. A 15-in. 
dia. roll was supplied, which showed, on test, a scleroscope hardness 
(bulb-type instrument) in excess of 95, but in use rapidly dimpled, 
necessitating abnormally deep grindings. After the diameter had 
been reduced only 0-1 in. by these grindings, the hardness of the 
roll, which had progressively fallen, was only 85 scleroscope. At 
this stage the maker agreed to reharden. This operation was 
effected and the roll returned to service, after being found adequately 
hard superficially; but again excessive dimpling occurred. Since 
the rolls of this particular maker have shown this type of failure 
to a greater extent than is usually encountered in those of other 
makes, it would appear that there was, in this case, an unfortunate 
conjunction of a practice tending to give shallow hardening with a 
forging whose ‘“ hardenability ’’ was low. 
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The last form of defect to be included in this category is “ pin- 
holing ’—the term is self-explanatory—a type of defect already 
mentioned as necessitating the preliminary visual examination of a 
roll. These defects may not become visible until the roll is in ser- 
vice, when their appearance renders the working surface incapable 
of imparting the requisite finish to the product. Since, however, in 
the authors’ experience, the makers readily admit responsibility for 
this type of defect, no further comment is called for at this stage. 

(b) Surface Defects. —In addition to those surface defects which 
are directly attributable to causes for which the maker is responsible, 
there are others for which he may, or may not, be deemed respon- 
sible. Of these the two most important are the well-known crazy 
or mosaic pattern, and spalling, the latter being often a corollary 
to the former. 

The incidence of these defects in the various mills is shown in 
Table II., which, covering as it does, a maximum period of three 


TABLE IIT.—General Summary of Working Roll Performance. 
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years, or, in some cases, the shorter period the mills in question 
have been in service, represents a fairly full picture of the roll 
failures encountered. 

It will be seen that the heavy 15 in. x 32-in. mill produces the 
most, and the 12 in. x 32-in. and 10} in. x 32-in. mills produce 
the least number of surface failures leading to the scrapping of the 
rolls. The other types of mill show such defects in a sporadic 
fashion, and actually the only mill which has not, as yet, produced 
either crazy pattern or spalling is the reversing mill (10}in. x 32-in.), 
in which screwing is effected with the stock between the rolls. 

It is now proposed to offer some general comments on the source 
of these defects, and to reserve any comparison betweert the con- 
ditions arising in four-high and two-high mills for a later section 
of the paper. 

In searching for the causes of the defects, the etch test 
has unique possibilities. For a considerable period of time all 
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rolls, on leaving the various mills described, have been etched, 
and in this way useful data have been collected. These show 
that there is, invariably, a coincidence of the dark-etching effect 
with crazy pattern (see Figs. 13 and 14, Plates XIV. and XV.) 
and, very frequently, with spalling. ‘They do, on the other hand, 
show that the crazy pattern and/or spalling are only associated 
with the more severe cases of what has been termed “ burning ”’ 
(i.e., the production of that constituent—probably troostite—which 
etches so darkly). Thus, it would be expected that the etch test 
would produce darkening effects somewhat in proportion to the 
extent to which rolls from the various mills have been scrapped on 
account of surface defects. This is actually the case, and, to con- 
sider the extremes, the 15 in. x 32-in. mill produces an effect such 
as that shown in Figs. 16 and 17 (Plate XVI.), whilst the reversing- 
mili rolls preserve their normal etching colour throughout. 

The fact that this dark-etching constituent is produced locally 
must indicate local heating, and this must, in turn, be regarded 
as the consequence of local overload, which, as observations 
show, may, in severe cases, be so serious as to result in the 
actual ‘‘ fouling ”’ of the surface by the brass or copper being rolled. 
That loading conditions can produce serious crazy-pattern effects 
can be confirmed, in a general way, by reference to the shatter 
cracks produced in too drastic grinding of hardened steel surfaces, 
and, more particularly, by reference to the experience of the authors 
with a heavy-duty two-high mill. This mill, equipped with hard 
steel rolls 24 in. in dia. x 32 in., produced only localised crazy 
pattern when effecting light reductions; when, however, these 
were increased, and 24-in. wide brass strip was reduced from 0-4 in. 
to 0-2 in. in four passes, the whole of the contact area was affected. 

It is therefore to be assumed that the crazy pattern is the direct 
consequence of such local load as may be set up by skidding at entry 
or the passage through the rolls, at the same time as the strip, of 
fragments broken off the leading edge or flanks, &c. In considering 
the stresses it must not be overlooked that the effect of the physico- 
chemical change brought about in the steel itself may well exceed 
in intensity that set up by the thermal gradient occurring in the 
affected zone. 

Spalling is usually associated with burning and crazy pattern, and 
in investigating a large number of failures in both four-high and two- 
high mills, the authors have encountered only four cases in which 
such an association did not exist. These exceptions were in rolls 
of the same make. 

The mechanism of spall formation appears to be dual in character. 
The local heating may, of itself, produce such stresses as lead to 
exfoliation almost at once, or fatigue conditions may be set up 
following the appearance of crazy pattern. The former effect is 
analogous in its mode of occurrence to that arising when rolls, 
warmed by working, are left to stand in contact with each other. 
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The latter is, on the other hand, the more common type, and 
examples of it are shown in Figs. 14, 15, and 16. Of these Fig. 
15 is the most informative; this depicts the obverse side of a 
serious spall and an acute form of the fatigue effect mentioned. 
The roughly parallel and equally-spaced marks appearing near the 
top right-hand side of the figure are actually the deeply penetrated 
crazy cracks themselves. The association between them and the 
spall is thus made clear. 

(c) Fractures —Reference to Table IT. will show that this mode 
of failure is restricted to the 12 in. x 32-in., 9 in. x 20-in., and 8 in. 
x 13-in. mills, and that only one such failure has been experienced 
with the first-named size. 

The type of fracture is quite characteristic, and takes the form 
of longitudinal “ splitting,” as shown in Figs. 18 to 23 (Plates XVII. 
to XIX.). That the transverse breaks are an associated effect, 
and are not the principal manifestation of failure, is, on several 
grounds, considered certain. Longitudinal cracks extending from 
journal to journal have been encountered in the complete absence 
of any transverse cracks, whilst the converse has not been met. 
Again, the longitudinal cracks proceed in strict continuity from end 
to end, and are never interrupted by the transverse cracks. Finally, 
as will be seen by close examination of Figs. 21, 22, and 23, there 
were in existence in all cases prior to final fracture, fatigue cracks, 
which by their direction indicate that the predominating stress 
tended towards axial fracture. For purposes of comparison a trans- 
verse fracture is shown in Fig. 24. This evinces no sign of fatigue 
effects, and should be contrasted with the well-developed transverse 
fatigue crack (Fig. 25, Plate XX.), occurring in a two-high mill roll. 

Further reference to the significance of the habit of axial fracture 
will be made in later sections of the paper. 


Backing Rolls. 

The only type of surface failure encountered in backing rolls has 
been spalling, following the appearance of dimples of a similar 
type to those met in the “ soft ’’ working rolls (see Fig. 16). This 
defect, which develops after a variable period of service, depending 
on the duty, has caused serious stoppages of plant, where cast-iron 
shells have been involved. Following the installation of the steel- 
shelled rolls mentioned at the end of Section III., no further trouble 
of this kind has been experienced, nor is any anticipated. 

It is interesting, in view of the splitting of working rolls, to 
report that two cast-iron shells, forming parts of large backing 
rolls, have split from end to end. Whilst causes analogous to 
those producing the disruption of working rolls may have been a 
contributory effect leading to the final breakdown of the shells, 
the authors are inclined to the view that this defect also is inherent 
in chilled iron as a shell material. Its relatively low tensile strength 
militates against efficiency in this application for two reasons. 
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PLATE XIV. 


32-in. Working Roll, etched to show manufacturing defect. 
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PLATE XV. 





Fic. 14.—12 in. » 20-in. Roll Fragment, etched to show association of 
“ crazy cracking ’’ and spalling with dark-etching constituent 





Fyc. 15.—15 in. x 32-in. Working Roll Fragment, obverse of spall. The roughly parallel markings 
in top right of figure are deeply penetrated crazy cracks. 
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PLATE XVII. 
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; Fic. 18.—8 in. x 13-in. Working Roll showing fractured barrel. 
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Fic. 19.—12 in. x 32-in. Working Roll, as fractured 





Fic. 20,—9 in. x 20-in. Working Roll, as fractured. 
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PuaTE XVIII. 
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Fic. 21.—9 in. x 20-in. Working Roll Fracture, showing axial fatigue effects Note lack of 
uniformity in bore. 
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.—9 in. x 20-in. Working Roll Fracture—close-up view. 
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PLATE XIX. 





Fic. 23.—9 in. x 20-in. Working Roll Fracture—close-up view. 
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Fic. 24.—8 in. * 13-in. Working Roll Transverse Fracture. Note absence of transvers« 
fatigue cracks. 
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PLATE XX. 










Fic. 25.—12 in. x 20-in. Two-High Roll Fracture, showing well-developed transverse 
fatigue crack. 
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Fic, 26.—36 in. x 32-in. Compound Backing Roll Shaft, showing fracture with circumferential 
fatigue crack, Note granular fracture. 
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Bearing its relative weakness in mind, there is a tendency to make 
such a low shrinkage allowance as to permit slip of the shell upon 
the shaft in working. On the other hand, higher shrinkage allow- 
ances leave the shell in an overstressed condition, and failure 
in service follows. With steel shells, no such splitting has been 
encountered. 

One other failure, involving the shaft of a compound roll, may 
be cited, although this is unique in the authors’ experience. This 
is illustrated in Fig. 26, and is an interesting example of fatigue 
failure in an extremely coarse-grained 0-5% of carbon steel forging, 
where the change of section acted as a “ stress raiser.” 


V.—WoRKING CONDITIONS AND THEIR INFLUENCE ON RESULTS. 


Consideration of the phenomena encountered will possibly be 
clarified if the distinguishing features of the loading of backed-up 
working rolls are outlined. The assistance of mathematical analysis 
will not be invoked, as it is considered that reference to first principles 
will adequately substantiate the authors’ contentions. 

An unsupported roll may be regarded as a rotating beam carried 
at its bearings and loaded over the width of contact between the 
stock and the barrel. The necks and barrel are also subjected to 
torsional stress resulting from the torque applied at the driving end. 
The torsional load decreases at the first neck, and then remains con- 
stant from the latter until the edge of the stock is reached. It 
decreases progressively across the width of contact, and again 
remains constant until the outer neck is reached, where it declines 
to zero. In addition, a local radial compression of the roll face 
occurs within the area of contact or over a somewhat greater area in 
its vicinity. When the piece is engaged symmetrically with respect 
to the central transverse plane of the roll barrels, the most highly 
stressed region will lie at the periphery and near this central plane. 
Secondary but not unimportant influences are those of temperature 
variation over the periphery of the roll barrel and steepness of the 
temperature gradient from surface to centre of the body, or to 
the inside of the chamber in the case of a hollow roll. These varia- 
tions engender differential hoop and radial stresses of a magnitude 
corresponding to the rate of variation. 

In contradistinction, a four-high-mill working roll is subject to 
very little bending, owing to the reinforcement afforded by the 
backing roll. The torsional stress will vary in the same manner, 
but, owing to the virtual absence of frictional resistance at the 
bearings, will all but disappear at the edge of the stock remote 
from the driven end. The reaction from the contact area load (also 
termed “separating force’’ or “rolling load’’) comes from the 
resistance to flexion of the backing roll, and is transmitted to the 
working roll along the “line’’ of contact between the two rolls. 
The magnitude of the linear loading along this line causes an 
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appreciable reciprocal deformation resulting in the line of contact 
deforming into an area of contact. Table III. presents data on 


TaBLE III.—Four-High Cold-Rolling Mills. Examples of Roll 

















Loading. 
is 2. 3. 4, | 5. 6. if | 1. ee 
Class of mill : | Strip. | Strip. | Strip. | Strip. | Sheet. | Strip. | Sheet. | Sheet. | Strip. | 
Roll dimensions : | 
Work rolls, dia. d. | | 
In. . ° ° ae | 9 | 10} 15 11 16 14 | 16 19-5 
Support rolls, dia. | | | 
Do Ee -| 16 27 | 355 | 36 | 22 49 36 | 42 | 54 
Effective barrel | | | 
ingth. In. | 90 | 290 | 39 32 36 42 | 60 | 60 | 66 
Ratio D:d. . [251521] 80:1 |3-38:1] 24:1 | 2-0: 1 | 3-07: 1) 2-57: 1/ 2-62:1) 2-84:1 
Maximum width | | 
rolled. In, . ° 16 |= 16 | 26 26 | 30 38 48 54 60 
Maximum rolling | | | | 
load. Tons. . 190 250 600 800 420 1,100 | 1,200 | 1,300 | 1,500 
Load per inch of | } | 
width of _ barrel. | | | 
Tons per in. .| 95 | 125 | 187 | 25:0 | 11-7 | 262 | 20:0 | 21-8 | 23-0 
Material rolled . | Steel. | Brass | Brass | Brass | Nickel | Steel. | Stain- | Brass | Steel. 
} and | and and | silver. less | and 
| copper.| copper.| copper. steel. | copper.| 
For further data sce : | Fig. 5 Fig. 3. | Fig. 1. | Fig. *i 
aa | i 1 anne N 


the loading per inch of the contact length in some typical four- 
high mills. It will be observed that loadings up to 26 tons per in. 
run are encountered. The geometrical relationship existing between 
the stock, the working, and the backing roll, as deformation occurs 
must be considered from two standpoints: on the one hand, 
between the stock and the working roll, and, on the other, between 
the latter and the backing roll. At least in cases where the width 
of the stock being reduced is relatively great compared with the 
length of the roll barrels, the average pressure existing in the latter 
region is higher than that in the former. This is believed to be a 
factor of importance in the mechanism of certain types of failures. 
Thus, it will be apparent that a four-high working roll is essentially 
a cylinder rotating between two axially disposed loads which 
extend over different proportions of the barrel lengths and are 
spaced approximately 180° apart. It follows that the periphery is 
in compression in the neighbourhood of the contact areas and in 
tension at right angles to these. Consequently, any given point on 
the circumference of the roll body undergoes two complete cycles 
of alternating stress per revolution. In the case of hollow rolls 
the magnitude of the deformation for a given intensity of loading 
is increased, whilst the character of the stress at the wall of the 
bore is similar, but about 90° out of phase. It will be apparent, 
then, that the radial stresses in a four-high roll change sign four 
times per revolution. In an unsupported roll, however, the stresses 
due to bending alternate twice per revolution, and the less important 
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radial stress only once. Thermal stresses similar in character to 
those obtaining in the case of ordinary rolls occur, and in addition 
working rolls are liable to suffer abnormal stresses arising from lack 
of axial parallelism with respect to their support rolls. This is a 
trouble which in certain installations has been a not infrequent 
cause of breakage. Such misalignment has, however, been virtually 
eliminated in the mills considered, thanks to the design of mounting 
adopted. 

It will be advantageous, before embarking upon a critical survey 
of the observations recorded, to recapitulate the various modes of 
failure encountered. This may be done as follows : 


Working Rolls. 


(a) Manufacturing defects—including “ soft”’ rolls, pin- 
holing, &c. 

(b) Surface defects—crazy pattern and spalling. 

(c) Fractures. 


Backing Rolls. 


(a) Surface defects—spalling and splitting. 
(b) Shaft breakage. 


Following the plan adopted in earlier sections of the paper, 
working rolls will be dealt with-first. 


Working Rolls. 


The manufacturing defects encountered are, generally speaking, 
those which would be expected where so many rolls, often of large 
dimensions, are involved. Thus, at this point it need only be 
said that the conditions obtaining in the backed-up mill are 
such that any deficiency would be more readily detected, and be 
more serious in its effect, than in the case of the two-high mill. 
This is particularly so where a roll is “ soft,’’ in the sense that 
there is an inadequate depth of hardening or a too rapid transition 
from ‘ hard ”’ to “ soft ”’ zones, for the high radial stresses readily 
cause sinking or dimpling of the surface. The authors have found 
in this respect definite differences between rolls obtained from 
different sources. 

Surface defects occur with greater frequency and severity than 
in the two-high mills under the authors’ observation. This 
might be anticipated in virtue of the generally increased speeds 
and drafts employed, such conditions being rendered more acute 
through the reduced arcs of contact provided by the relatively 
smaller diameter of the rolls. Difficulties of entry are thereby 
accentuated, and the tendency towards fragmentation of the lead- 
ing edge of the strip is increased, which effects are considered to 
be the principal causes of crazy marking and spalling. Those cases 
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where spalling is not directly traceable to local overload have, as 
has been previously stated, been confined to a particular make of 
roll. 

The type of surface breakdown induced by skidding at entry 
or other associated causes must, in the authors’ opinion, be due 
in part to the steepness of the thermal gradient set up (see above). 
This argument, however, presupposes complete stability of the 
material, conditions which the etch test shows are not in fact 
realised, for the martensitic structure suffers serious modification. 
The indirect stresses set-up by this physico-chemical change may 
well be higher than those mechanically produced. On this as- 
sumption the instability of the ordinary carbon-chromium steel 
used in the fabrication of rolls must be regarded with some disquiet 
by the user, and may even be such that changes in composition 
will be necessary before success is achieved. 

Two further points require mention. The first is one which the 
question of composition brings to the mind—namely, the effect of the 
material being rolled upon the roll surface performance. Having 
regard to the known anti-frictional properties of the brasses, the 
authors are prepared to believe that there isa possibility that skidding 
and the associated phenomena are more severe than with steel strip. 
The second feature, on which the authors have no definite views, 
has reference to the location of the points at which damage 
due to local overload (apart from skidding) actually appears. ‘At 
first sight this would be fixed as being within the arc of contact of 
the strip and the roll. This may, indeed, be the case. On the 
other hand, when the smaller contact area of working and backing 
rolls affected by the transmitted local stress engendered by the 
strip, or fragments, is borne in mind, it will be realised that damage 
leading to spalling may arise within this zone. In the latter cir- 
cumstances certain of the surface damage to backing rolls can be 
explained without reference to the passage of foreign bodies between 
them and the working rolls. 

In the light of the statement anent rapid alternations of high 
radial stresses made above, the appearance of fatigue cracks, such 
as are shown in Figs. 20, 21, 22, 23, and 24, will not be regarded 
with surprise. Their presence does, in fact, provide abundant 
evidence of the general truth of the statement referred to. 

A query which arises naturally in the mind after consideration 
of the facts relating to the appearance of fatigue effects in the 
bore is whether the final fracture is the ultimate end of a process 
of fatigue, or is the result of the application of sudden and abnor- 
mally high stresses of the type that initiated fatigue? This question 
the authors cannot answer, but they are certain that the evidence 
they have obtained, apart from consideration of first principles, 
demonstrates the need for greater strength to withstand the radial 
crushing and/or for improved fatigue resistance. These desiderata 
will be referred to later when, in the last section of the paper, 
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recommendations designed to effect improvements in rolls will be 
outlined. 


Backing Rolls. 

The failures encountered have been due to the influence of the 
working conditions on rolls which have been fabricated from 
material unsuitable for the purpose. This is true, since none 
of the defects encountered in the chilled-iron shells has arisen in 
the steel shells subsequently adopted, and the one shaft to break 
(Fig. 26) was obviously unsuitable. With the disappearance of 
these unsatisfactory conditions no serious problem appears to 
remain, and the only aspect of the case of the backing roll left 
unconsidered is that of design. So satisfactory has that used by the 
authors proved that it will be mentioned in the section dealing with 
their recommendations. 


VI.—RECOMMENDATIONS. 


With some diffidence the authors now offer those suggestions 
which they consider to be a logical outcome of the survey made. 


Working Rolls. 

First, as a speculative exercise, it is interesting to consider 
what might be the optimum conditions for roll manufacture. The 
authors’ views.would cause them to suggest the following : 


Charge. All-Swedish base, or high-grade clean scrap. 

Type of furnace. High-frequency. 

Type of ingot. Octagon, flutes and corners with large radii, 

minimum taper, small end up. 

Teeming. Top-poured, with device to ensure constant 
ferrostatic head. 





Stripping. As early as possible. 

Heating for forging. Soaking pit and gas-fired reheating furnace. 

Forging. High-speed steam-hydraulic press of adequate 
power employing limited reductions. 

Coefficient of working. 1 to 3. 

Preparation for Annealing. 


machining. 
Machining. 


Preparation for hard- 
ening. 

Neck protection. 

Protection of roll sur- 
face during heating. 

Heating for hardening. 


Quenching. 


Tempering. 


Careful rough machining and trepanning of 
centre (if hollow). 
Oil-quenching and annealing. 


Steel sleeves for end of barrel and necks, with 
refractory packing. 
Any effective method. 


Vertical electric furnace with controlled atmo- 
sphere, with rotation of roll. 

Submerged close-pitch coils, internally jetted, 
and rotation of roll. 

Oil bath with steam coil and rotation of roll. 
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Such delays as follow on the failure in the hardening operation 
could, in the authors’ view, be much reduced were all firms to 
develop such “ quality”’ tests as are already in vogue in some 
works. Again, the “ individuality ’’ of the practice is such that 
certain makes of roll spall without any obvious association with 
burning, others split at lower average tonnages than usual, while 
another make shows shallow hardening. While fully aware of the 
efforts already made, the authors would suggest that these points 
warrant attention. 

The mills described above were designed specifically for the 
installation of which they form part. Much consideration was 
given to the selection of the diameters of the working rolls for 
the different sizes, and finally it was decided to adopt relatively 
large diameters at the expense of somewhat greater rolling loads 
for a given reduction. Comparison with general practice, par- 
ticularly in Europe, will illustrate this. The operating experience 
obtained has satisfied the authors of the benefits of the larger 
working roll, and in at least one instance (Fig. 1) they would now 
employ working rolls of even larger diameter. 

The foregoing general recommendations are those which are 
made either on principle or as a result of experience, but have not 
taken into account the specific failures which have been encountered 
and for which remedies are sought. These defects are essentially 
those of surface character and direct fracture. 

These two aspects of the case have already received attention in 
the foregoing. The surface defects are deemed to be the consequence 
of the principle of the four-high mill and to be aggravated by the 
instability of the steel commonly used in roll production. The 
successful application of high-speed-steel rolls on the Steckel mill 
suggests, at once, a possible means of overcoming the last-named 
difficulty, 7.e., through the use of a more thermally stable medium. 
In this connection the alloy-iron roll has also undoubted possi- 
bilities. In the authors’ limited experience of such rolls they have 
not encountered crazy pattern or spalling. 

Splitting presents an entirely different problem, and one which 
can, as suggested in earlier sections, be tackled in various ways. The 
first of these involves the use of steels of greater strength, which, 
in these circumstances, may be taken to indicate a capacity for 
deeper hardening combined with a higher fatigue limit. Such a 
steel may be that of the 2% carbon, 12% chromium class, which 
has, in the authors’ experience, proved successful in small rolls. 
In the circumstances outlined, where the improvement of rolls made 
of conventional form is aimed at, attention should naturally be given 
to the condition of the bore, which should be smooth, acctrate, and 
even prepared chemically for resistance to the corrosive action of 
the atmosphere or cooling water. The second, and, to the authors, 
the more attractive mode of attack, lies in the development of the 
solid roll. At the moment few hardened steel roll makers will under- 
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take the manufacture of such rolls, and the largest the authors have 
succeeded in procuring is a 9 in. x 20-in. size as shown in Fig. 5. 
Rolls of these dimensions are in an early stage of trial, but on the 
8 in. x 13-in. mills solid rolls still in use have already exceeded in 
performance any rolls which have broken, and have been surpassed 
in only a few isolated instances. The solid roll is, however, so 
rational in principle that the authors feel serious attention should be 
given to it. In the developments which may ensue the alloy-iron roll 
maker has advantages in this respect which should encourage him to 
extend the scope of his experiments to cover a wide range of roll sizes. 

Although, with one exception, splitting has only been met with 
in sizes which it is now possible to obtain in the solid form, increas- 
ing duty may extend the occurrence of this type of failure to sizes 
which are beyond those in which solidity is apparently practicable. 
In these circumstances the inferior condition of the material at the 
centre of a large roll, due to the combined influence of segregation 
and a less intensive degree of refinement of the ingot structure during 
forging, must be taken into account. This suggests a consideration 
of the possibilities of trepanning the cogged piece or even the ingot, 
and performing the main reduction on a mandrel as in hollow-forging 
practice, with a consequently more effective working of the whole 
cross-section. In order to provide the requisite area at the necks 
the ends of the forging would be staved down after the withdrawal 
of the mandrel. A roll produced in this manner would probably 
have a proportionately greater bore than is now customary. This 
might result in a generally harder body, thus compensating for the 
diminished cross-sectional area. There appear, also, to be distinct 
possibilities in packing the chambers of such steel rolls with materials 
possessing the requisite compressive properties and coefficient of 
thermal expansion. 


Backing Rolls. 

It would be superfluous to discuss manufacturing methods for 
backing rolls, as their production is scarcely beyond the scope of 
ordinary heavy-forge or foundry and machine-shop practice. Where 
roller bearings are employed the built-up backing roll possesses 
definite advantages in permitting the centres of the bearings, for a 
given barrel length, to be reduced to a minimum, and in obviating 
a bad form of forging. Plain bearings embodying the flood 
lubrication principle are gaining in favour, and with these the 
one-piece roll is preferable to the compound type, on account of 
the larger neck diameters which such bearings permit, ratios of 
neck diameter to body diameter as high as 0-65 being feasible. 
Though the radial clearance required by plain bearings is inherently 
less than that for roller bearings, the authors would not recommend 
that advantage be taken of this to reduce unduly the diameter of 
backing rolls. For, in their view, backing rolls of generous diameter 
justify their cost by diminishing the rate of deterioration of the 
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working rolls, because of the formation under load of a more 
adequate area of contact between the two rolls. In exemplification 
of these views they would not diminish the diameters of the backing 
rolls of any of the mills described, had they been designed with 
plain bearings instead of roller bearings. 


In a few final sentences the authors will now summarise their 
views on likely avenues for research and development. 

They would suggest that the working roll should have a relatively 
large diameter; it should be fabricated under the most rigorously 
controlled conditions; it should be of such a composition as to be 
thermally stable; and finally, it should be of such structure and 
composition as to resist the development of fatigue failure from 
the bore, or, alternatively, and preferably, it should be made solid. 

The backing rolls, they consider, should also be of relatively 
large diameter, and when of two-piece construction should be 
provided with steel shells. 

The recommendations made can, in the case of backing rolls, 
be readily realised, but the working roll problem presents real, but: it 
is hoped not insuperable, difficulties to tax the technical skill of steel 
and alloy-iron roll makers. 


In conclusion the authors desire to record their appreciation of 
the co-operation of numerous colleagues, and also to thank Mr. 
A. J. G. Smout, F.1.C., Chairman of I.C.I. Metals, Ltd., for his 
interest in this work and for permission to publish the paper. 














BACKED-UP MILLS FOR COLD REDUCTION.—DISCUSSION. 73 P 


DISCUSSION. 


This paper was presented for discussion at the Additional Meeting held in 
London on Thursday, October 29, 1936. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield), said 
it gave him great pleasure to open the discussion. In the first place, 
he would like to say that on reading the paper one could not but 
conclude that the authors were masters of the use of rolls, and 
therefore those who were interested in the manufacture of rolls 
could, he thought, with considerable reliance read, mark and inwardly 
digest the experience which they described. But when it became 
a question of the authors, as users of rolls, indicating the steps 
which were to be taken to improve the said rolls, then he thought 
the position was entirely different. 

The authors talked of the crazy pattern, and then went out of 
their way to indicate that it was only experienced under certain 
mechanical conditions with certain rolling stands, and therefore 
obviously the crazy pattern was not one of those matters which 
could be directly laid at the door of the manufacturer of rolls. 

Again, the authors spoke in a very light-hearted manner of the 
employment of high-speed steel rolls. He wondered whether they 
appreciated what they were saying. Properly to harden a high- 
speed roll meant taking it to a temperature of something like 
1300° C. and subsequently tempering at a predetermined tem- 
perature. He wondered whether the authors realised that. He 
had heard something of high-speed steel rolls before, but he had 
never been able to obtain any real technical information. He 
presumed the authors had thrown out the suggestion as a bait in 
the hope of obtaining some knowledge on the present occasion. 
If they had any to impart, he hoped they would say so. 

He gathered that the trouble was experienced with a four-high 
mill; with a two-high mill he understood that not much trouble 
was met with. He would like to know whether that was correct. 


Mr. RUSSELL said that that was correct. 


Dr. HATFIELD, continuing, said it was a question of the four- 
high-mill, and the engineering world associated with cold-rolling, 
which was personified in the authors that afternoon, was responsible 
for modifying the stresses developed in the rolls under these altered 
conditions. All he could do, therefore, on behalf of his own com- 
pany and others engaged in the production of hardened steel rolls 

yas to draw the authors’ attention to the real character of the 
hardened steel roll. 

Mr. Russell would come to the works and say that he wanted 
some hardened steel rolls, and they must have a Shore value in the 
neighbourhood of 100. That postulated the production of a roll 
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which might have a barrel 8, 12, 18 or 20 in. or more in diameter, 
the outer surface of which would be perfectly homogeneous, uniform 
and free from defects, and with a uniform Shore hardness of 100. 
That could be achieved only when that roll was left in the hardest 
condition possible. The authors would therefore realise that the 
tool they were seeking to employ in their four-high or any other 
mill was one made of steel left in the hardest condition possible, 
which condition must obviously be accompanied by very substantial 
residual stresses from the heat-treatment process. At the moment 
it was inconceivable how the manufacturers—he spoke collectively 
—could produce a hardened surface such as the authors desired 
free from residual stress. 

If that was so, the position was perfectly clear. The authors 
knew the type of material which was available. It was possible to 
have the hardness, but it was not possible to have the freedom from 
residual stress ; and it was for the mind which designed and operated 
that cold-rolling mill so to manage matters that the stresses imposed 
on the rolls were within the stresses which could reasonably be 
expected to be borne by the rolls. When the authors said that 
they had one instance where the unfinished life of a roll was 
26,400 hr., it must be conceded that, whoever made that roll, the 
result was very good. 

A cold-rolling mill operating with these hardened steel rolls 
was very interesting. One saw the plates or sheets literally jump 
into the rolls, causing a sudden application of stress, and then an 
applied stress which must be obviously far beyond the yield point 
of the material being cold-rolled, and therefore approximating to 
the elastic range of the roll which was rolling it. 

He was glad to have an opportunity of making this statement. 
His own and one or two other firms who were engaged in the business 
knew that it was a very highly technical form of production, with 
very great risks, and a business in which only the wealthy might 
engage. The result was, however, as the authors would admit, that 
the average production of rolls in Britain to-day was equal to anything 
that could be produced in the world. He hoped the authors would 
admit that the production was very fine indeed, and that the onus 
lay on the man who unintelligently used a very wonderful pro- 
duction, but one which was necessarily associated with very high 
residual stress. Of course, if the authors, in addition to their other 
advice, could tell the manufacturers how to produce a hardened 
steel roll free from residual stress, the manufacturers would be very 
much obliged to them. 

The authors referred to the use of a 2% carbon, 12% chromium 
roll, but they were surely aware that such a material Was of very 
limited application; it was extremely brittle, and could be applied 
only to very small rolls. 

Reverting to his previous point, that the paper was excellent 
as a description of the user’s experiences, but rather unreliable 
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from the standpoint of production, the authors went on to say that 
they thought the ideal way of making these rolls was by the high- 
frequency process of steelmaking. If while they were attending 
the present meeting they would have a talk with two or three people 
who were really interested in the production of electric steel, they 
would find that the high-frequency furnaces did not exist in which 
ingots could be made large enough to produce the rolls in which 
they were interested ; and, did those furnaces exist, they would not 
be capable of producing steel which was so suitable as that produced 
at present from the are type of furnace. 

He had been very interested in the paper. Whilst it was a 
very interesting account of the authors’ experiences in their own 
works, and the limitations of rolls when subjected to the usage 
which they imposed on them, yet at the same time if the authors, 
in addition to presenting the paper, would come to Sheffield and 
talk to the rollmakers engaged in making the rolls, he felt that they 
would learn much to their advantage. 


Mr. W. E. BarpcGett (Stocksbridge) said that the authors were 
to be congratulated on presenting such an excellent paper on a 
subject concerning which a marked degree of secrecy had hitherto 
been maintained, and it was to be hoped that this paper would be 
the means of stimulating a freer interchange of views and discussion 
of experiences of both manufacturers and users of cold rolls. 

The speaker was associated with the United Steel Companies, 
who had been manufacturing and using cold rolls for a considerable 
number of years. Having formed definite ideas on certain aspects 
of the many problems dealt with by the authors, he was gratified 
to find that his views and experiences coincided in many respects 
with those of the authors. 

The methods adopted by most firms in the manufacture of cold 
rolls were closely guarded secrets, but even people without experience 
would find in the recommendations given by the authors practically 
all the information necessary to make a success of cold-roll manu- 
facture. 

It was the practice of some firms to anneal rolls for weeks with 
the object of eliminating the dendritic structure. In tests carried 
out by the speaker, no practical advantage was gained by this 
operation, which was objectionable from the point of view of delaying 
production. It would be particularly interesting to know if the 
authors had any views on the merits of this initial heat treatment, 
which was theoretically sound but of doubtful practical value. 
Probably the most delicate operation and the one which had the 
greatest influence on the behaviour of rolls in service was the quench- 
ing operation. It was important to have a copious supply of water 
and to ensure that the flow of water round the roll was uniform and 
as rapid as possible. The depth of hardness was governed by the 
size of the roll and the time of immersion in the quenching tank. 
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With certain small sizes, too long immersion would inevitably result 
in cracking, while larger sizes of rolls could be quenched out until 
cold without much fear of cracking. In tempering, it was not 
possible to raise the temperature much in excess of 100° C. without 
producing a marked decrease in hardness. 

Dealing with the question of composition, he had adopted a 
slightly modified carbon-chromium steel almost exclusively. The 
authors referred to the use of high-speed steel for Steckel rolls, but 
this type of roll produced by the speaker’s firm in the modified 
carbon-chromium steel had proved entirely satisfactory and, in fact, 
superior in service to the high-speed-steel roll. They had also made 
Steckel rolls in the 2% carbon, 12% chromium class of material, 
and the results had been sufficiently encouraging to warrant further 
tests with this steel. 

Concerning the problem of roll failures, it was evident that the 
conditions in strip-steel rolling affected the rolls in a manner peculiar 
to the conditions pertaining to this class of work, since the most 
common type of defect was that of small, isolated and occasionally 
deep cracks up to about } in.long. They had not so far been able 
to prove satisfactorily whether this defect was inherent in the roll 
or whether it occurred as a result of the working conditions. These 
cracks always formed in the direction of the length of the barrel, 
and were not associated with soft spots. This type of failure was 
not common to one make of roll. The other types of failures which 
the authors described were common to rolls used in both ferrous and 
non-ferrous strip rolling. They had for some time adopted the ex- 
cellent etch test suggested by the authors for detecting soft zones 
on the barrel of a roll, and each new roll was examined in this way 
before going into service. The utility of the test had been well 
demonstrated by the authors as a means of examining failures, and 
certain types, such as crazy cracking, were invariably found to be 
associated with soft zones. Soft zones were frequently encountered 
which were not associated with crazy cracking, and the tempering 
action of overloading did not appear to supply the answer con- 
cerning the origin of crazy cracking. It was probable that severe 
friction was really the cause, having the combined effects of temper- 
ing and abrasion. 

The authors pointed out the general association of spalling with 
crazy pattern. Such an association was in his experience infrequent. 
He had come across one or two spalling defects of the type shown in 
Fig. A (Plate XXa.), which was somewhat similar to the fracture 
shown in Fig. 15 of the authors’ paper. The fracture shown in Fig. A 
appeared to have originated from an internal rupture and proceeded in 
steps to a certain point before the final fracture. This type of failure 
was, in his opinion, the result of thermal stresses set up by rolls 
being left in contact. In his experience crazy cracking did not occur 
in Steckel mill rolls, in which case screwing was effected with the 
stock between the rolls. Spalling was also absent in Steckel rolls, 
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owing possibly to the mass of the roll being insufficient to develop 
high thermal stresses. 

The mechanism of roll failure in hollow rolls referred to by the 
authors was one which appeared to warrant the closest examination, 
and on this problem the Central Research Department of the United 
Steel Companies, Ltd., had carried out a short study of stress dis- 
tribution in sectional roll models by means of a photo-elastic appara- 
tus, the results of which appeared to substantiate the claims which 
the authors considered might be made in favour of solid rolls. 

Models were cut from }-in. synthetic glass, and the method of 
mounting the models was shown in Fig. B (Plate XXz.). Fig. C 
showed the stress distribution in a one-third size cross-sectional 
model of a hollow Steckel roll in compression. It was evident that 
the central hole was the seat of very considerable stress, which 
attained four maximum values in each revolution, two of which 
would be compressive and two tensional stresses. Those central 
stresses might be contrasted with those in the centre of the model 
of a solid roll in Fig. D, which showed that, in the absence of a hole, 
the stresses in the centre were negligible. 

Models of length sections of rolls were examined, but, owing to 
the lack of support between the two halves of a model of a hollow 
roll, the slot in the section was made to the mid-point only of the 
journal. Fig. E showed the stress distribution in a model of a hollow 
103-in. x 8-in. roll loaded on the journals in a manner approxi- 
mating to that adopted in service. The strip was represented by a 
piece of synthetic glass and, in comparison with the roll model, was 
equivalent to a piece of very hard steei. The stress distribution in 
the roll model at the points of contact with the edges of the strip 
model would be slightly modified by having softer material to repre- 
sent the strip. The principal stresses occurred in the roll near the 
edges of the strip, while considerable stress occurred at points in the 
hole. 

In making a hole in a roll by drilling from both ends, a ridge 
might be formed at the junction and might be only partially removed 
by reaming. The effect of such a ridge on the stress distribution 
could be seen in Fig. F (Plate X Xc.), a marked concentration of stress 
occurring at the ridge marked X. The stress distribution in a similar 
model without a hole was shown in Fig. G. In this case the stress 
was very uniform except near the edges of the strip. 

The stress distribution in a one-fifth scale model of a four-high 
mill hollow roll, loaded on the barrel, was shown in Fig. H, and a 
similar model of a solid roll in Fig. I. The intensity of stress between 
the faces CC and the hole # in Fig. H was large compared with that 
in the model of the solid roll, and it was also greater than that of the 
two-high mill model rolls. Interpretation of these results must be 
made with considerable reservation, owing to the serious limitations 
of this method of examining stress distribution, but it was believed 
that the results justified the conclusion that failure by fatigue 
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cracking from the central hole in backed rolls was due to reversals of 
intense stresses at the bore, and that this type of failure could be 
eliminated by using solid rolls. 


Mr. W. J. Dawson (Sheffield), referring to the remarks about 
surface failures of rolls, said that the explanation given by the 
authors would probably be fairly generally accepted, but he thought 
they laid too much emphasis on the instability of the steel as a 
contributing cause of crazy mosaic cracking. Those cracks were 
brought about, of course, by the intense local generation of heat, 
and that in itself might be sufficient to account for crazy cracking 
in certain cases. 

The authors had illustrated and described failures due to splitting. 
These were almost invariably due to fatigue cracks, and were caused, 
as had been admitted, by over-stressing the rolls. He would point 
out that these troubles were more apparent and more general in 
the 8-in. and 9-in. mills, where the material was being rolled to the 
finest gauge. From a manufacturing point of view, although 
Mr. Bardgett might not appreciate this, those smaller rolls were 
easier to make than the larger rolls which had stood up well, and 
it was highly probable that those rolls were much more severely 
stressed than the larger ones. 

It would be of advantage to the makers if the authors could 
provide fuller rolling data—the number of rolling passes, the amount 
of reduction in succeeding passes, the number of stages of annealing, 
and so on. Those data were necessary for a full and serious con- 
sideration of the problem raised by the paper. He would also like 
to ask the authors whether it would be possible to provide some 
data on the pressures met with in service, and whether they had 
found any instruments by which such data could be obtained. 
Such information, if available, would be very useful in enabling 
both makers and users to know the variation in stresses imposed 
during the use of these four-high rolls. Such data might show that 
failures were due as much to the optimism of the designers as to 
the deficiencies of the steelmakers. 

The authors suggested that the provision of solid rolls might be 
a solution, but in that case he would like them to explain how it 
was that in the larger mills hollow rolls with bores up to 43-in. in 
dia. proved quite satisfactory in service. It seemed fairly obvious 
that the stresses in the larger mills were appreciably less than in 
the smaller mills, and he wondered whether in the design of the 
mill the rolls to be used had not been taken too much for granted 
—i.e., the design of the rolls. The authors were presumably 
responsible for the design of the rolls in the first placé; did not 
they know at that time that those rolls were insufficient to carry 
the loads imposed, or had they found that out subsequently by 
experience ? 

The authors made certain recommendations in Part VI. of their 
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paper and termed them a “speculative exercise.” That was a 
very true remark; it was extremely speculative. He would like 
to utter a word of caution to some of those who might be so unwary, 
on the strength of that information, as to embark on the thorny 
path of hardened-steel roll manufacture. The authors also stressed 
the need for co-operation between the makers of hard steel rolls, 
and might be encouraged to know that such co-operation was in 
existence to-day. He would suggest that there might be more 
co-operation between users and manufacturers, and he thoroughly 
endorsed the plea which had been made for that. In that respect 
the authors and their company were to be commended for their 
action in that direction. 

There was another form of co-operation which he would like 
to suggest, namely, co-operation between the rolling-mill makers 
themselves. They might perhaps be able to standardise to some 
extent rolls and mill designs, and thus make things easier both for 
the rollmaker and for the user of the rolls. 

Finally, he would like to congratulate the authors on having 
presented such an interesting account of rolls from the user’s point 
of view, and on the candid way in which they had admitted the 
severe conditions prevailing in their particular mills. 





CORRESPONDENCE. 


Mr. AnDRE& MicHet (Unieux, Loire, France) wrote that he had 
read with great interest this paper in ‘which a most careful study 
had been made of the defects in the bodies of cold rolls due to manu- 
facture as well as of the working of these rolls and the accidents to 
them which might ensue. 

Quite rightly, the authors directed attention to these accidents, 
by studying the stresses supported by the rolls during working, and 
advocating—what could hardly be recommended too strongly— 
close collaboration between the cold-roll maker and the user. Too 
often it happened that the former found his rolls rejected after use 
without being able to learn exactly the conditions under which they 
had had to work; only with precise knowledge of the working con- 
ditions could the manufacturer draw technical conclusions from 
accidents and hence improve his method of fabrication, to the 
greatest advantage of the two parties. 

The authors, in studying the variable stresses applied in various 
regions of the rolls, drew attention to breakages due to fatigue. In 
particular, they showed, in Figs. 21-23, axial fissures in the surface 
of the central bore, produced by fatigue. He had frequently met 
with such fissures. But he wished to point out the at first sight 
curious appearance of the course taken in the propagation of the 
crack. This course was shown in Figs. J and K (Plate XXp.); the 
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fissures started almost at right angles from the surface of the central 
bore, then turned obliquely and wound in a spiral around the axis. 

Fig. K showed spiral cracks winding in both directions. Fre- 
quently these cracks finally reached the surface, and this could 
sause them to be mistaken for surface fissures; they could set up 
surface flaking. It was by breaking the roll at right angles to the 
axis that one could see that it was not a case of surface flaking but of 
a fatigue crack starting from the central bore. 

In contradistinction, Fig. L showed a fissure in a solid roll, which 
was propagated in the form of a spiral but which started from the 
surface. 

He would be very glad to have the authors’ opinion on these 
effects of fatigue in the spiral propagation of the cracks. 


Mr. A. ALLISON (Sheffield) wrote that the authors had presented 
an interesting account of the difficulties of cold-rolling with four-high 
mills. 

Since their problem was mainly connected with the working 
rolls, and that on the second page it was admitted that these were 
called upon to work to the limits of endurance, and also that on p. 60 
rolls in two-high mills were said to be more satisfactory, he would 
suggest that the working technique might be altered with advantage, 
although there appeared to be no hint of this in the paper. 

The hardened-steel rolls were required to have a scleroscope 
hardness of 95, and, whilst he had tested many rolls with this figure, 
he had found that 90 was more usual, and possibly more suitable for 
the purpose. 

The proposal to make an etch test was both interesting and useful. 
It was a further, but not unreasonable demand upon the roll-maker, 
but was at all events convincing. 

Like the authors, he had made photographs of numerous frac- 
tures of hardened-steel and alloy-iron rolls, with similar results to 
those given in the paper; he could not agree, however, that Fig. 12 
represented a manufacturing defect, unless the authors had further 
information to give. 

He had met with similar fractures to those shown in Figs. 19 
and 20, and agreed that these were due to overloading, and he 
also agreed that those shown in Figs. 21 and 22 were connected with 
irregularity in the bore, as he had found in a number of cases. 

He had had a little experience of alloy cast iron for working rolls, 
and, so far as the trials had gone, the results were not so good as with 
hardened-steel rolls. It would be much easier to make solid alloy- 
iron rolls than hollow rolls, and possibly, unless the heating conditions 
caused complications, solid rolls might be useful if sorhe concession 
could be made as to scleroscopic hardness. 

Generally, he considered that in the paper the authors had in- 
dicated the extreme limits to which materials could be used, and 
under those conditions he felt that better service would be obtained 
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Tic. A.—Spalling Defect, originating from internal rupture and proceeding in steps before 
final rupture. 
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Vic. F.—Effect of Ridge left in Hole Drilled 
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Model of a 4-High Mill Hollow Roll. 





H. 








See Bardgett’s contribution 


ROLLS. 





PLATE XXc. 








ton on Russell and Smith, 





Model of a 4-High Mill Solid Roll. 
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PLATE XXD. 


FATIGUE CRACKS IN ROLLING-MILL ROLLs. 





Fic. J.—Crack leaving Surface of Central Hole at Right Angles, then 
: turning obliquely and winding round central hole. 





Fic. K.-—Crack Winding Spirally in Both Dire« lic. L.—Spiral Crack in Solid Roll, starting 
tions, starting from wall of central hole. from surface. 


See Michel's contribution. 
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Fic. M.—Commencement of Spalling in a Chromium-Steel Roll. 


(a) Unetched. 





Chromium-Ste 


a re 
ger? 9 


S 
ow 
< w.4 


FU oka 





(d) Etched. 
Chill-Cast Roll. 


Microstructure of a Chromium-Steel Roll and a Chill-Cast Roll. 
See Hohage’s contribution. 
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Fic. O.—‘“ Cup Specimen,” similar in shape to a skull cap and formed by pressing a ball into a round dist 
placed over a ring die. 


Roll dia., 650 mm. 
Roll length, 1500 mm. 


Fracture after quenching 
and tempering. 


Blue-brittle fracture. 


Fracture as received. 


Fracture after hardening. 
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Fic. P.—Examination of the Core of a Roll. 


See Hohage’s contribution, 
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Lightly etched. 
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b) Heavily etched. 
Q.—Skid Areas on a Cold Roll. 





Spall on a Chromium-Steel Roll. 


See Hohage’s contribution. 
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PLate X XH. 





OOg 
Fic, T.—Cold Roll. Total length, 2540 mm.; body, 650 mm. in dia. by_15(€0 mm. long; weight 4-4 tons. 
See Hohage’s contribution. 
[Correspondence on Russell and Smith, 
[To face p. 81 P. 
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from a product which was most difficult to manufacture, by using 
it more within the scope of its capacity. 


Mr. A. BuaGpEN (Sheffield) wrote that the paper would be of 
particular interest to both roll manufacturers and roll users. The 
foundry with which he was connected had been working on the pro- 
duction of specially hard alloy cast-iron rolls for some considerable 
time. Many difficulties were encountered in the early stages, parti- 
cularly the prevention of pulls in very long slender rolls, owing to 
interference with linear contraction. Close attention to correct 
moulding procedure had removed this defect. 

Difficulty was also encountered in producing a surface on the 
chilled portion of the roll sufficiently smooth to eliminate excessive 
grinding. It must be remembered here that the material discussed 
had a Shore hardness varying from 85 to 90 and was practically un- 
machinable. Therefore only a minimum allowance for grinding 
could be left on the casting. It would be appreciated that rough 
places on the castings might not grind out. Progress, however, had 
been made in this direction, and it was now possible to produce rolls 
having a very smooth even skin. 

He agreed with the authors that co-operation between the roll 
sa manufacturer and the roll user was necessary to accomplish any 
results of value. This co-operation might reasonably be expected 
to cover some proportion of the cost incurred during initial experi- 
ments. 

With regard to the comments on p. 57, he would like to say that 
his foundry had had no difficulty in producing rolls with barrel 
lengths exceeding 30 in. 

There was some doubt in his mind at one time whether very hard 
alloy-iron rolls would be strong enough to stand up to the severe 
pressure encountered in the types of rolling mills described in this 
paper. Results had since shown that this fear was unfounded, and 
no trouble in this direction had been encountered. So far, actual 
working results proved that this type of roll was giving satisfaction 
for roughing. 

At the present stage of development, he did not feel that alloy- 
iron rolls would produce the same degree of finish as was at present 
produced by hardened-steel rolls. Crazy cracking and the develop- 
ment of soft areas as shown in the illustrations had so far been 
absent from alloy-iron roughing rolls. Experience in the manu- 
facture of this type of roll inclined him to the belief that it offered 
more resistance to change in hardness due to frictional heat than 
hardened-steel rolls, and might therefore be considered for all 
practical purposes to be thermally stable. 

Backing Rolls —In view of the comments under this heading in 
relation to cast-iron shells, the authors would be interested to learn 
that at the present time his firm was supplying alloy-iron backing 
th. rolls with a Shore hardness of 75 to a mill rolling high-quality steel, 
. 1936—ii G 
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which up till now were giving satisfactory service. No cracking 
or spalling had occurred. 

So far as foundry technique was concerned, the authors could 
rest assured that this was well past the experimental stage and that 
hard alloy-iron rolls were in regular production. 


Mr. H. G. Kesntani (Waterbury, Conn., U.S.A.) wrote that in 
view of an obvious lack of published data on the performance of 
rolls in backed-up or four-high mills, the paper by the authors was 
indeed a timely and valuable contribution. 

He was particularly interested in what the authors wrote about 
the failure of work rolls, and, having had somewhat similar experi- 
ence with this type of mill, he wished to make the following remarks 
based on observations made on 10-in. x 30-in. and 1]}-in. x 30-in. 
hardened-steel rolls having 0-91% of carbon, 2-29% of chromium, 
0-27% of vanadium and a Shore hardness of from 85 to 90; also 
similar rolls with 0-89% of carbon, 1-60% of chromium, 0-19% of 
vanadium, 0-27°% of molybdenum and a Shore hardness of from 95 
to 97; all for cold-rolling copper, brass and bronze at a rolling speed 
of about 150 ft. per min. with the thickness of product ranging from 
0-204 to 0-040 in. - 

From the performance data given in Table II., it was to be 
concluded that soft rolls made up about 5% of the total failures, 
so-called crazy cracks and spalling 30%, and splitting the remaining 
65%. It was to be noted that the failure by splitting was, almost 
entirely, confined to rolls of smaller diameters, namely, 8 to 9 in., 
only one 12-in. roll having failed in that fashion, which seemed fairly 
to confirm his own observation, where only one 11}-in. roll failed by 
splitting. This would lead one to conclude, as the authors had done, 
that the remedy might lie in increasing the diameter of the rolls; 
yet it seemed to him that lowering the hardness of the rolls as well 
as increasing their diameters should also be considered. 

The second of the two major failures described in the paper was 
the heat checking and spalling which, as the authors correctly stated, 
were generally found associated. This type of failure was the more 
serious in his experience, and, in as much as all the rolls met the 
specifications as to hardness, finish, &c., his firm agreed with the 
manufacturers to look for possible causes of failure in their own 
operating conditions, such as skidding of the bars, brokenendsof strips, 
insufficient cooling, &c.; but even these did not seem to be adequate 
to explain the frequency of these failures. One factor which was 
not thought of was the hardness. Having been accustomed to use 
hardened-steel rolls in two-high mills with a minimum Shore hardness 
of 95, the question of hardness was the last thing to be considered. 

When a pair of 11}-in. x 30-in. rolls showed first signs of heat 
checking, nearly } in. was ground off from their diameters with a 
view both to “ cleaning off ” the cracks and reducing their hardness. 
These rolls after grinding had a Shore hardness between 85 and 87— 
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a drop of 10 to 12 points from their original hardness. When the 
rolls were put back into service ‘‘ for observation ”’ they neither heat- 
checked nor spalled. More rolls were put into service with 85-87 
hardness, and none of these had failed by heat-checking, spalling or 
splitting. 

Moreover, it was also found quite important to grind the 
rolls more frequently, in order to prevent copper and brass from 
building up on the roll face and creating excessive frictional 
heat. 

Perhaps the authors would not consider a Shore hardness between 
85 and 87 sufficiéntly high. This might be true to a certain extent 
in the case of rolls used for finishing, but for running-down rolls, 
doing heavier reduction, a lower hardness than that used in the two- 
high mill rolls appeared to be necessary. From their own observa- 
tion shown in Table II. it would also be seen that heat-checking 
and spalling developed in most cases on rolls used for relatively 
heavy reductions. Therefore, in his opinion, work rolls with a 
lower hardness than the authors had used should be nearly, if not 
entirely, free from heat-checking and spalling. 


Dr.-Ing. R. Honace (Vélklingen, Saar, Germany) wrote that the 
authors deserved grateful thanks for having made available their 
wide experience in the field of cold rolls and more particularly in 
respect of working rolls in four-high mills. He and his firm, as 
steel manufacturers, and particularly as producers of large cold 
rolls, already enjoyed the personal acquaintance of the authors 
and had received several hints in the past from both gentlemen. 

For hardened steel rolls a chromium steel with a chromium 
content of 1-8-2-0% and a carbon content of 0-85-0-95°% was used 
almost exclusively. For rolls with a barrel diameter of under 
120 mm. the carbon content might sometimes reach 1-05°% with a 
lower chromium content of 1:2%. At one time this latter analysis 
was employed for rolls up to 180 mm. in barrel diameter, but it 
had been shown that such rolls had a tendency to spall, since the 
depth of the hardened zone was not sufficiently great. The com- 
mencement of such a spall was shown in Fig. M (Plate XXz.), the 
origin of which was always to be found in the transition zone 
between the hard layer and the soft core. The carbon content of 
0-85-0-95% varied with the type of roll, with the customer’s rolling 
procedure, and with the material to be rolled. In one case the 
lower limit would be selected, and in another the upper limit, while 
in special instances the carbon content might reach 1-0-1-1°% with 
1-8-2:0% of chromium. Rolls up to approximately 80 mm. in dia. 
or rolls for the Steckel mill were made from a high-speed steel of 
special analysis or from a steel with 12% of chromium and 2% of 
carbon. With these rolls, however, care must be taken that the 
carbides were as finely divided as possible. The surface of the 
roll would dull rapidly and the appearance of the rolled product 
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would no longer be as desired if the carbides were orientated 
lengthwise. 

The difference between a hardened steel roll and a chilled cast 
roll lay in their microstructure (Fig. N). Whereas the structure of 
a hardened chromium steel roll was composed of fine carbides 
embedded in the finest martensite, the chilled cast roll had two 
structural forms, the one hard, ledeburite, and the other soft, the 
solid solution. Even if chromium, nickel, and molybdenum were 
added to a normal chilled cast iron, whereby the solid solution 
might become martensitic in form, there was, nevertheless, still a 
difference, particularly in regard to the hardness of the constituents 
of the structure. For this reason chilled cast rolls became dull 
much sooner than hardened chromium-steel rolls. When a chilled 
cast roll with a Shore hardness of 60 was in use the hard ledeburite 
was readily impressed into the soft solid solution, the roll became 
rough and surface fractures readily developed. 

The hardness of a steel roll was measured by the Shore apparatus, 
and was either specified by the customer or stated in the quotation 
of the supplier. In England and Germany there were three types 
of Shore instrument. In England the “ bulb ”’ or the dial instru- 
ments were mainly used, while in Germany the well-known Schuc- 
hardt and Schiitte type, in which the hardness was indicated by a 
pointer mechanism, was used. In his experience the “ bulb ” type 
had a limited use, since the variations were too large, whilst in 
comparison the other two types were very good. 

In a specification of Shore hardness the type of instrument to 
which this referred must be stated. A Shore hardness of 100-105 
on the Schuchardt and Schiitte instrument corresponded to 95-100 
Shore on the English dial instrument. Customers attached greater 
importance to the Shore hardness than was justified. In his 
experience the Shore hardness very often gave rise to erroneous 
conclusions. For instance, the same instrument would give 
different readings on rolls of varying diameters hardened and 
tempered in the same manner. A roll 100 mm. in dia. might give 
95-100 Shore, while one 400 mm. in dia. gave readings of 100-103, 
and a roll of 700 mm. dia. readings of 105-107. Further, the 
working hardness of the rolls was not expressed by the Shore 
hardness test. Hardened rolls tempered at 100°, 120° and 140° C., 
would show the same hardness, notwithstanding that the roll 
tempered at 140° C. was, for example, too soft for flattening round 
wire. In his opinion, in addition to the Shore hardness tests, file 
tests should be carried out, always by the same man, who would 
thus acquire sufficient experience. The file must be consistent in 
form and cut and always of the same material, e.g., 1-8% carbon 
and 1-8°% chromium steel,and where possible should be obtained from 
the same supplier. One could then feel, with the file in contact 
with the roll, whether the working hardness was adequate or not. 
The authors stated that standardisation of the analysis and 
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quality testing was possible; in the majority of cases that was so, 
but in others not. There were instances where the customer must 
receive a pair of rolls with a chromium content of 1-8-2-0% and a 
very definite carbon content, and where the tempering tempera- 
ture must be known precisely in order that the best rolls for his 
purpose could be produced. 

With regard to the testing of the rolls before hardening, 1.e., 
during their production, the hardness test upon a blank cut from 
the roll necks disclosed whether the grain size of the roll was correct, 
the “cup specimen ” (similar in shape to a skull-cap and formed 
by pressing a ball into a round disc placed over a ring die) (Fig. O, 
Plate XXr¥F.) whether the steel was free from coarse inclusions, 
flakes, grain-boundary cracks, &c., and, in the case of large rolls, 
the trepanned core test-piece (Fig. P), having been treated in the 
same way as the roll itself, indicated to the expert by its appear- 
ance when fractured in the normal condition, after refining, in the 
blue-brittle condition, and after hardening, whether the roll could 
be hardened or not. The hardness of the support rolls should be, 
in his opinion, between 60 and 80 Shore. 

The authors stated that after rough grinding the roll should be 
etched with 5% alcoholic nitric acid, and this procedure could be 
recommended, since soft spots became black in colour and were 
detected. These soft spots, which were troostitic in structure, 
were caused generally by scale forming during the heating of the 
roll prior to hardening, so that the martensitic structure could not 
develop at these points upon quenching. If long black streaks, 
sometimes accompanied by fine cracks, appeared during etching, 
some error had occurred in the preliminary grinding (Fig. Q, Plate 
XX@G.); either the pressure had been too great or the cooling in- 
adequate. The roll was, in effect, locally tempered. Whilst in the 
former case rehardening was necessary, in the latter circumstances 
the layer tempered by grinding could be removed by regrinding 
correctly. 

On the roll of 15 in. dia. which the authors illustrated, and 
which after grinding 0-1 in. showed a decline in the Shore hardness 
from 95 to 85, two hardening errors had been made. 

He was not of the opinion that the fracture illustrated in Fig. 15 
originated at the surface. Very probably it was due to a defect 
in the steel. In Fig. R he showed one such example of a roll—not 
of his firm’s manufacture—which was sent to them for rehardening, 
as it was too soft. The roll was most certainly withdrawn from the 
water too warm, as otherwise it would have broken in the hardening. 
This was also the reason why it was too soft. During rehardening 
the surface flaked, and one could see clearly the small fatigue frac- 
ture, similar to that discernible in the authors’ illustration. 

The fracture of a working roll which occurred occasionally 
longitudinally could, in general, be attributed to fatigue, and had 
its origin in the bore. Fig. S (Plate X XH.) was representative of 
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this, where the fatigue fracture had its origin at an inclusion in the 
bore. In his opinion care must be taken to avoid all marks or 
defects in the bore parallel to the roll axis. Fine turning marks 
had no harmful effect, since rolls never fractured, in the first 
instance, perpendicularly to the axis, but always first longitudinally 
and then perpendicularly. Heat stresses also played an important 
part. If a roll became warm too rapidly and was then cooled 
suddenly, it would fracture. The authors’ proposal to increase the 
life of working rolls up to 9 in. in dia. by producing them unbored 
was correct, and to his knowledge good results had already been 
obtained, but great care must be taken to prevent heat stresses, 
since a solid roll had a greater tendency to crack than a bored roll. 
With a view to increasing still further the life of a highly strained 
working roll, he always recommended his customers to relieve the 
stresses in them before regrinding by heating the rolls in oil to 
120-130° C. 

If it could be seen that a roll flaked from a sharp transition 
zone between the hardened layer and the soft core, the failure 
could be attributed to insufficient experience in the hardening of 
rolls. On the authors’ proposal with regard to the points to be 
watched in the manufacture of rolls, the following comments might 
be made. Concerning the plant, an arc furnace was equally as 
suitable as a high-frequency furnace. In support of this he illus- 
trated in Fig. T a roll of 650 mm. barrel diameter and 1500 mm. 
barrel length, with a hardness of 98-103 Shore, produced from an 
are furnace. The ingot form stipulated, with the smaller end 
upwards, he regarded also as incorrect, and he supported the 
reverse. The concluding proposal of the authors to forge the rolls 
upon a mandrel was practicable and had been adopted, but in his 
experience, for rolls up to 650 mm. in dia. and approximately 
4 tons in weight, such as he produced, it was not necessary. 


Dr.-Ing. K. GeBHarp (Essen, Germany) wrote that, whilst 
in itself it was a matter for satisfaction that roll users should turn 
their attention to the problem of cold-rolling, it was all the more 
noteworthy when such experienced and wunprejudiced experts 
had taken up the matter. Roll-makers would receive the authors’ 
suggestions gladly. 

The authors’ assertion that spalling was attributable almost 
exclusively to working errors would indeed be supported by all 
steelworks. Nevertheless, he (the writer) did not think that 
the soft tempered streaks simultaneously observed were the cause 
of the spalling; that was much more likely to be an attendant 
phenomenon. The spalling was brought about by local heating 
and the mechanical thermal stresses so set up; the structural 
stresses should play only a subordinate part. For this reason the 
trouble would not be got over by using a steel with a greater hardness 
retention. Rather was it to be feared that the low heat conductivity 
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of the higher-alloy steels would lead to overheating and consequently 
to an aggravation of the fault. In that respect it must be re- 
membered that precisely alloy steels were particularly susceptible 
to grinding cracks. Nevertheless, no decrease of hardness occurred 
in the neighbourhood of grinding cracks. Hence, the finishing of 
rolls of high-alloy steel presented great technical difficulties. The 
depth of hardening was so great that the necessary toughness 
of the core was no longer obtained. The surface hardness of water- 
quenched chromium steels was not attained by oil-quenched high- 
alloy steels. The only possibility of improvement open to the 
steelworks was the production of a quality of roll in which the hard- 
ness transition into the core was as gradual as possible; in this 
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way spalling would become more difficult. Attempts in this 
direction had already given good results (Fig. U). 

The main problem fell to the user, who, by supervision of the 
operations, regular checking of the rolls, and instruction of the 
operatives, could do much in this field. That this was so was 
obvious from the fact that in recent years the number of rejections 
on account of spalling had decreased very considerably. The 
number of rejections for spalling in 1934-35 was 2-4 times as great, 
in 1933-34 3-0 times, and in 1932-33 4-8 times as great as in the 
last half-year; that in recent years the numbers supplied had 
risen greatly was not taken into account here. The chief influence 
here must be that latterly a great deal of care has been taken in 
operation. Every shut-down and _ starting-up represented an 
intensification of the working conditions. 

In recent times the number of fatigue failures had increased. 
In 1932-33 rejections on account of fatigue fractures were 1-6 
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times as many as the rejections for spalling, while in the last half- 
year the ratio was 5-5. In cases where, for operating reasons, bored 
rolls were used, protection of the bore against corrosion offered a 
sure means of raising the life. The diminution of the alternating 
fatigue strength by corrosion was well known, so that the advantages 
of such corrosion prevention in the bore were obvious. 

In his opinion, the transverse fatigue fractures shown in the 
authors’ Fig. 25 required a different explanation. As the illustra- 
tion showed, there must have been weaknesses in the material. 
He had observed transverse fatigue fractures only in roll necks, 
starting from the thread chamfer or from the end of the bore 
(Fig. V, Plate XX1.). It should be remarked that longitudinal fatigue 
fractures could also start from transverse grooves in the bore. 

In conclusion, he would illustrate yet another case, in which 
fatigue fractures occurred in the shafts of compound rolls. As 
would be seen from the photograph, Fig. W, the fatigue fracture 
had commenced at the point where the inner race of the ball- 
bearing had been pressed in. The ring had not been fixed tightly, 
but had shifted, as could be seen in Fig. X. It was to be noted that 
this fatigue failure had occurred twice on the same roll. 


Dr. RoBEertT ScHERER (Krefeld, Germany) wrote that he wished 
_to congratulate the authors on their important paper in which, for 
the first time, the roll problem in backed-up mills for cold reduction 
had been exhaustively and frankly discussed. The great experience 
possessed by the authors made it possible for this discussion to be 
framed from the point of view of the actual user of cold-rolls. 

He wished particularly to emphasise that further improvements 
must depend upon close collaboration between the user and the 
producer. Those who were producers had given very careful 
consideration to all aspects of melting, forging, hardening and 
annealing, and had introduced close control over both the raw 
material and the finished product, in order to reduce the risk of faults 
toa minimum. It was, therefore, a matter for especial congratulation 
to them that such far-reaching and interesting information on the 
subject of defects should have been made available from the side of 
the user. 

He would agree that the faults of manufacture and surface 
defects shown in the illustrations were almost entirely limited to 
defects of grinding, the result: of local heating, which, in turn, was a 
consequence of excessive pressure or vibration of the grinding 
wheel. 

In the opinion of the authors the defects apparent in Fig. 16, 
which took the form of small hollows, were to be ‘attributed 
to insufficient depth of hardening of the steel. As a rule, however, 
a defect of this kind would arise only through incorrect choice of 
composition of the steel, as, for instance, when the chromium content 
was too low in relation to the diameter of the roll. The defect 














Puate XXt. 





Fic. V.—Roll Necks; transverse fatigue fractures. 





Fic. X.—Compound-Roll Shaft; trans- 
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Fic. W.—Compound-Roll Shaft; transverse fatigue 
verse fatigue fracture, 


fracture, 
See Gebhard’s contribution. 
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PLATE XX3. 





. Fic. Y.—Flaking during the Grinding Process, as a result of improper grinding. 


Surface. 





Fic. Z.—Grinding Defects, resulting during working in a fatigue fracture running 
from the surface inwards. 


See Scherer’s contribution. 
Correspondence on Russell and Smith. 














PLATE XXK. 





Fic. AA.—Fatizgue Fracture, running from the interior outwards as a result of 
defects in the material. 





< e oee 
Fic. BB.—Fatigue Fracture in a Roll Neck, due to notch action resulting 
frcm improper grinding. 


See Scherer’s contribution. 
[Correspondence on Russell and Sm 








Fic. CC.—Surface Defects (Hair Cracks) resulting from the sticking of the strip. 





Fic. DD.—Fatigue Fracture in a Roll Neck, due to an eccentric bore. 


Fic. EE.—Fatigue Fracture with Torsional Cracks, due to overloading. 
See Scherer’s contribution. 


[Correspondence on Russell and Smith. 
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could hardly be attributed to mistakes in forging and rarely to those 
arising in hardening. Dr. Scherer considered, therefore, that these 
small hollows were again an example of grinding defects which had 
become apparent only through wear of the rolls. Where it was a 
case of insufficient depth of hardening the strip would be impressed 
over wider and longer areas. 

Illustrations were appended of a series of surface defects. Fig. 
Y (Plate XXs.) represented a flaking-out which had taken place 
during the grinding process as the result of improper grinding. 
Fig. Z showed grinding defects which had appeared in service in the 
form of a fatigue crack extending from the surface inwards, while 
Fig. AA (Plate XXK.), in contrast, showed a fatigue failure which 
had developed from the interior outwards and which was attributable 
to a defect in the material. Fig. CC (Plate X Xu.) showed how a 
stoppage of the strip might result in a similar phenomenon to that 
produced by improper grinding, i.e., local heating and resulting hair 
cracks. 

The causes to which the authors attributed the failure of the 
various rolls in Table II. were of exceptional interest. The differ- 
ences indicated there could be attributed only to differences in load- 
ing. The 15-in. rolls exhibited the largest number of failures due 
to surface defects, since these rolls were used for roughing and, con- 
sequently, were the most liable to stoppage of the strip, whereas the 
12-in. and 10}-in. rolls were not subject to such heavy loads. This 
might be seen from Table III., acc — to which, for instance, 
the 15-in. roll carried a Het ific load of 25 tons per in., while the 
10}-in. roll carried only 18 tons per in. 

Dr. Scherer considered that the authors’ observations on operat- 
ing conditions and on the stresses arising in cold-rolling were of 
exceptional interest. In this connection they had given very 
typical illustrations of fatigue failures originating in the bore of 
the rine and these were in entire accord with his own experience. 
It was of interest to note their conclusion, according to Table II., 
that per failures had occurred only in the 9-in. and 8-in. rolls, 
because, in these cases, owing to the presence of the bore and the 
relatively small external diameter, the wall-thickness was com- 
paratively small, so that they were loaded to the limit. From his 
knowledge of these fatigue failures he had many years ago abandoned 
the practice of boring rolls of less than 10-in. dia., with very good 
results. The adoption of unbored rolls was conditioned by the 
working temperature and by the type of bearings (whether plain or 
roller bearings). If the roll became overheated it was necessary to 
cool it, and in the absence of a bore this was best done by means of 
cooling pads. 

The other photographs appended would serve to illustrate some 
typical examples of fractures in cold-rolls. The first of these (Fig. 
BB) represented a fatigue failure in a roll neck, which had arisen 
because the grinder, in its finishing operation, had been set eccentric- 
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ally and had produced a sharp edge, which had resulted in a notch 
effect. 

Fig. DD also showed a fatigue failure in the bore resulting from 
a notch effect due to eccentricity, and, finally, Fig. EE was a typical 
illustration of the kind of fatigue fracture described by the authors. 
Here the torsional cracks were clearly apparent, and indicated 
that overloading must have taken place. 

The authors stipulated for working rolls the use of a material 
incapable of being tempered, such as, for instance, a steel containing 
2% of carbon and 12% of chromium, or a high-speed steel. In his 
own experience, such steels had proved suitable only for rolls of 
very small diameters, such as were used, for instance, in backed-up 
mills. He would not recommend the manufacture of larger rolls 
from these high-alloy steels, for the making and forging of large 
ingots of such ledeburitic steels presented difficulties. In such 
steels with large dimensions it was generally impossible to avoid 
very coarse precipitation of carbide, which, in the making of cold- 
rolls, must lead to uncertainties during the hardening process. The 
main reason given by the authors for the choice of a material of this 
kind was its greater response to tempering, which appeared from 
their photographs to be necessary in order to avoid the skidding 
defects which were of frequent occurrence. He was of opinion, 
however, that skidding defects would occur to a much greater degree 
in the case of high-alloy steels, in view of the fact that the thermal 
conductivity of such steels was very low and, moreover, that if the 
grinding were not properly carried out the local heating might be so 
great as to exceed the thermal stability of even those steels. 
Again, it was certain that the tendency to surface cracks due to 
local heating would be much greater than in the case of the steels 
used at present, and the ability of such rolls to take a polish was 
naturally very low in view of the high carbide content. He con- 
tinued to think that the present chromium steels containing approxi- 
mately 0-85-1-0% of carbon and 1-0-2-0% of chromium were the 
best, if the carbon/chromium ratio was varied in accordance with 
the size of the roll. 


Mr. J. A. SMEETON (London) wrote that he appreciated that 
the authors’ data and figures related exclusively to the mills and 
rolls in the works with which they were associated, and of which 
they had personal experience. 

Until quite recently the quality of cast-iron chilled rolls was 
largely confined to sheet-production and plate-finishing rolls, having 
a maximum hardness up to 75 Shore. The demand for higher 
quality sheets, and the necessity for larger throughputs, had 
necessitated higher-speed mills and consequently higher-quality rolls. 

The installations in America of four-high mills, both for hot- 
and for cold-rolling all qualities of sheets and strips had raised an 
entirely new roll problem. It was well known that great trouble 
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had been, and was still being, experienced in America in the pro- 
duction of suitable rolls for such mills, as even at this date they 
had to change their four-high hot-mill rolls every seven hours. 

Backing rolls with steel centres and shrunk-on sheaths of chilled 
iron and also heat-treated steel sheaths had been used, but none 
could yet be considered to be permanently successful. Other 
qualities of alloy chilled rolls had been produced in America, and 
were now being manufactured under licence in Britain by many 
of our most important roll foundries. None of these rolls had yet 
proved satisfactory as four-high mill backing rolls, and costly 
experimental work was still being done in both America and 
Europe to find an efficient and economical solution. 

The writer was associated with a German roll foundry which 
had experimented for over eight years and spent tens of thousands 
of pounds to produce efficient rolls; they had only recently placed 
on the British market a compound roll which could be efticiently 
used only on three-high and two-high cold mills for finishing and 
polishing, but which, it was believed, would eventually prove to 
be suitable for use both as backing and as working rolls in four- 
high cold mills. These rolls were now being made both with cast- 
iron and with cast-steel centres, with an alloy cast-iron hard sheath 
1} in. thick, which had an even hardness of 95-100 Shore right to 
the bottom of the alloy sheath. This sheath was not separate 
from the body, but was cast solid and integral by a patented pro- 
cess. It was hoped that these rolls would eventually prove equal 
to hot-mill work, but experimental and practical working results 
were not yet sufficiently complete. 

At present the majority of the four-high cold-rolling mills were 
fitted with alloy forged-steel heat-treated working rolls, the majority 
of the largest sizes being imported from the Continent. These 
rolls were very costly, and did not retain their surface hardness to 
any depth without continuous retreatment. 

Fortunately the European requirements differed considerably 
from the mass-production demands of America, as it was unlikely 
that the continuous rolling of sheets and tinplates in strip form 
would develop very seriously in Europe. 

Quite apart from the surface quality of rolls, there was the 
very important question of roll design and dimensions, especially 
relative to neck sizes. Quicker rolling called for heavier drafts at 
each pass, which meant heavier torque and friction strains, and 
these required entirely different working calculations for correct 
sizing. These features in turn needed entirely different bearings 
and suitable lubrication, as with bearings running hot, the care- 
fully thought-out camber requirements were easily upset, and on 
many modern cold mills special means had been adopted for cor- 
recting the temperature of the working rolls by means of the hot 
and cold spraying of water, oil, or air on the rolls surfaces while 
they were actually working. 
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Spalling was almost entirely due to occasional stoppages of the 
mill while the material was between the rolls, or to bad ends of 
the material or to too heavy drafts, and occasionally to careless or 
incorrect preparation of the rolls before starting. The only possible 
way for a correct solution to be arrived at was by constant and 
close co-operation between the users, the rolling mill designers and 
the roll founders, bearing in mind the fact that the economical 
success of any type of mill depended entirely upon the efficiency 
of the rolls, which were the working tools of all mills. 


Mr. G. M. Brown (Sheffield) wrote that this paper was both 
timely and informative, and the thanks of all interested in the 
cold-rolling of strip and other flat products were due to the authors. 
The use of four-high mills for this class of work was increasing at a 
very rapid rate, and the problems presented by this type of mill 
were many and intricate; one of the most important of these was 
discussed in this paper, 7.e., the construction of the most suitable 
rolls, as regards both material and design. 

Not the least interesting part of the paper was that describing 
the mills in which the authors were particularly interested, for in 
it were given not only the proportions of the working and backing 
rolls but also the maximum drafts and the working loads, and with 
this information it was possible to examine the magnitudes of the 
stresses to which the rolls were subjected. Such an examination 
showed that these stresses were of the same order of magnitude 
as those in the rollers and races of their bearings. 

For example, in the case of the 15-in. and 36-in. x 32-in. mill 
shown in Fig. 1, the maximum rolling load was given as 800 tons 
with a draft of 0-075 in. over a width of 26 in. Allowing for the 
flattening of the rolls, the arc of contact between the working roll 
and the material would be about 0-90 in. and the average pressure 
some 35 tons per sq. in.; the maximum pressure would probably 
be about 60 tons per sq. in. But between the working rolls and the 
backing rolls conditions were much more severe. Even if it were 
assumed for the sake of simplicity that the rolling load of 800 tons 
was distributed uniformly over the whole length of 32 in., the load 
per inch of length would be not less than 25 tons. The rules 
deduced by Hertz indicated that the maximum pressure on the 
contact surface of the two rolls would be 104 tons per sq. in. and 
that the contact surface would be 0-306 in. wide. It was probable 
that the load was not distributed so advantageously as was assumed, 
and the maximum pressure would therefore be higher. 

Fortunately, at the place where this pressure was attained the 
material was supported laterally on all sides against it, and the 
compressive stress fell off very rapidly in the interior of the roll. 
Assuming that in a sound roll failure would occur at the place of 
maximum shear, this would be 0-304 of the maximum pressure, or 
31-5 tons per sq. in., and would occur at a depth of 0-119 in. below 
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the surface of the roll in this particular case. At the edge of the 
contact surface between the two rolls there was a small tensile 
stress that could hardly play any part in opening-up small surface 
defects and producing the crazing described by the authors, but in 
the region of any such defect the stress intensities quoted above 
would be increased greatly and local distortions might result. 

It seemed that in this particular mill the working rolls were 
somewhat large and their diameter might be reduced without 
sacrificing anything more than some facility for entering the 
material. The stress on the working rolls themselves would not 
be increased and the rolling load, and consequently the loads on 
the housings and screws, could be substantially reduced. 

In the 9-in. and 27-in. x 20-in. mill the conditions were more 
severe, and this was doubtless due to the thinner gauge of material 
rolled in it. 

As the stresses in both working rolls and backing rolls were 
identical, it was not evident that any great advantage would 
accrue from the use of soft backing rolls, and as hard steel was 
required to stand against the loads on the working rolls, cast-iron 
backing rolls could hardly be expected to have a very long life in 
heavily loaded mills. 

In a four-high mill of ordinary proportions it could not be 
expected that the working rolls would carry any more than a very 
small fraction of the rolling load, and the backing rolls must there- 
fore provide the necessary resistance to flexure to enable material 
to be produced within reasonable tolerances. As the load on them 
was practically proportional to the square root of the diameter of 
the working rolls, the authors’ preference for backing rolls of liberal 
proportions as compared with the working rolls was fully justified 
in every respect. There was, however, one serious disadvantage of 
unduly large rolls, either working or backing, namely, that the 
increased flattening effect led to unduly heavy pressures between 
the rolls and on the screws and bearings during periods of empty 
running, and this was a factor of some importance when sheets and 
other short pieces were being handled, or very thin gauges were 
being rolled, although a considerable part of the spring occurred 
in the housings. 


AUTHORS’ REPLY. 


Mr. Gro. A. V. RussEL1, in reply, said Dr. Hatfield had been 
good enough to intimate that he regarded the authors in the light 
of masters in the use of rolls. Personally, he had been afraid that 
Dr. Hatfield was going to to say that they were “ masters in the 
abuse of rolls,” and from the drift of his later remarks one was driven 
to the conclusion that that was his real and candid opinion. 

The points which Dr. Hatfield, Mr. Dawson, and Mr. Bardgett 
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had raised could better be dealt with in a written reply, but there 
were one or two questions which might be answered forthwith. 
Dr. Hatfield had taken the authors rather severely to task for 
advocating the employment of a high-frequency melting furnace for 
producing hardened steel-roll ingots. They might possibly have 
been a little sanguine in inferring that a furnace of that type could 
be employed for the largest sizes of rolls, but their experience in the 
use of medium and smaller rolls actually produced from ingots 
melted by the high-frequency process had been so favourable that 
they were led to recommend its adoption within the practical 
limits of size. 

The authors were interested in Mr. Bardgett’s statement that 
he had encountered no crazy cracking in the rolls of Steckel mills, 
as this confirmed their own experience with a large reversing mill 
with driven rolls, in which the piece did not leave the roll throat 
until finally reduced. It seemed to indicate that the entry or the 
leaving of the strip was a more severe influence in damaging rolls 
than heavy draughts and high speeds. 

The photo-elastic specimens which Mr. Bardgett illustrated 
were most interesting. It must be agreed that there was certainly 
a substantial difference between the properties of the transparent 
material used for the models and hardened steel; nevertheless, he 
thought it must also be admitted that the stress distribution, 
indicated qualitatively, was perhaps independent of the nature of 
the material but depended on the geometrical form of the piece 
under stress. He thought, therefore, that one could take such 
diagrams as very useful qualitative indications of the stresses to be 
encountered. One point to be borne in mind, of course, was that 
hardened steel rolls were, as Dr. Hatfield had emphasised, in a state 
of very high stress, primarily a sort of hoop stress due to the 
hardened steel shell, while Mr. Bardgett’s models were, he believed, 
purely homogeneous. It would be difficult to reproduce the 
condition of internal stress obtained in the steel roll in such models. 

Mr. Dawson complained that the authors had not presented 
data on the rolling practice in their plant, but they would refer him 
to the tabular statements in Figs. 1-6, where the essential details 
were given. With regard to annealing they might add that the 
practice was based upon an anneal following a reduction of between 
50 and 60% in thickness. 

With iemnne to the possibility of improving the roll shapes 
or sizes which they had adopted in their plant, they would appreciate 
any constructive criticism which could be offered, and for that 
reason had given drawings of the various rolls, showing their pro- 
portions. It might be added that in the course of the deVelopment 
of the plant they had profited by an exchange of views with several 
roll-makers in this direction. It should be borne in mind, however, 
that the plant must be regarded as a pioneering installation, where 
they had set out to blaze a new trail by developing facilities 
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for the highest production and lowest direct costs. This possibly 
accounted for the difficulties described in the paper. 

They were rather disappointed that no representative of the 
alloy iron roll-makers had contributed to the discussion, as it would 
have been interesting to hear their reactions to the work described. 

The AuTHoRs, in amplification of Mr. Russell’s verbal reply, 
expressed their gratification at the interest which the paper appeared 
to have aroused. They were particularly grateful to those repre- 
sentatives of the Continental roll-makers who had received their 
contribution, and even their suggestions, so kindly. The latter 
were apparently less welcome to some of the British speakers, who 
concentrated on a criticism of them rather than of the paper as a 
whole. ‘This, the authors felt, was the more surprising when, 
contrary to the statements made by Dr. Hatfield in the course of 
his contribution, they had, in the mills described, obtained 
considerably better performances with imported rolls. 

The sheer bulk of the material to which they had to reply would 
render the maintenance of a reasonable brevity difficult, and it 
might be that in their efforts to achieve that end certain points of 
particular interest to various contributors might be overlooked. 
If this were the case, the authors would express, in advance, their 
regret. 

Referring to Dr. Hatfield’s contribution in greater detail, the 
authors would make various comments. In the first place they 
suggested that Dr. Hatfield should re-read the fourth paragraph on 
p. 70. It was admitted that there was a certain ambiguity, but 
actually the suggestion made was not that large rolls should be made 
from high-speed steel, but from an unspecified “‘ more thermally stable 
medium.” This might, as the reference indicated, even be an 
alloy iron. In response to his query as to further information on 
large high-speed steel rolls, the authors would reply that they had 
none and would agree with Dr. Hatfield that the difficulties in the 
way of production might be insurmountable. They would, however, 
like to say that the only persons to mention such rolls to them as a 
serious possibility were colleagues of the speaker, to whom they 
would refer him. 

Mr. Russell had already dealt with Dr. Hatfield’s criticism of 
the high-frequency furnace as a medium for producing roll steels, 
when he, Mr. Russell, had shown that satisfactory rolls were being 

produced from these furnaces. They might now go further and say 
that the best performance on their 9-in. x 20-in. mills, which had 
produced so many breakages, was obtained with such rolls. Finally, 
they understood that the firm concerned had in mind the installation 
of a 5-ton capacity high-frequency furnace designed to deal with 
the larger ingots necessary for bigger rolls. 

Dr. Hatfield had quite unnecessarily repeated what the authors 
had said on p. 56 regarding the restriction of the 2% carbon, 12% 
chromium type of steel to the smaller sizes of roll. 
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As regarded the need for co-operation with the roll-makers, the 
authors could only say that they maintained friendly intercourse 
and contact with practically all European makers of hard-steel 
rolls. The introductory remarks of the various contributions to 
the written discussion would confirm this point. 

One final correction must be made to what Dr. Hatfield had 
said, and that was that the figure of 26,400, in common with all 
other “lives” given in Table II., had reference to “ tons rolled ”’ 
and not to hours of working. 

Mr. Bardgett’s contribution was of particular value. The 
photo-elastic experiments he described had already been com- 
mented upon, but the authors would especially like to draw attention 
to the striking manner in which the danger of discontinuity in the 
bore was illustrated. Again, the concentration of stress at the 
edge of the strip was clearly revealed. This emphasised the desira- 
bility of frequent grinding to prevent the formation of gutters in 
the face of the roll. In making this comment the authors did not 
overlook the fact that in the models “strip” and “rolls” were 
made in the same medium, whereas in actual practice the ductility 
of the strip certainly allevitated this effect, as spreading was un- 
hindered. The contrast in stress distribution between loaded solid 
and hollow rolls was also worthy of special attention. 

Mr. Bardgett sought the authors’ views on the value of prolonged 
annealing as an initial heat treatment of roll forgings. In view, 
however, of Dr. Hatfield’s resentment of their incursion into the 
manufacturing field they were loth to offer a definite opinion. 

That the authors habitually over-stressed their rolls was averred 
by Mr. Dawson. This might be the case, but that there were varying 
degrees of success with rolls from different sources indicated that 
those makers whose results were relatively disappointing had 
leeway to make up. In illustration of this point, and in partial 
refutation of Mr. Dawson’s assertion, they might cite the 9-in. x 20- 
in. (high-frequency-furnace-melted steel) rolls mentioned above. 
These, after rolling over 4000 tons, had, through successive 
grindings, been reduced to the minimum usable diameter without 
fracturing, and this without any easing of the working conditions. 
Again, they would draw Mr. Dawson’s attention to Table III., 
where it was shown that in other mills as high, or higher, roll 
loadings were in vogue. 

Mr. Dawson had questioned the authors regarding an explanation 
of the restriction of splitting to the smaller rolls. They would 
prefer to make their reply when dealing with Mr. Keshian’s 
contribution. 

The number and quality of the written communications were, 
the authors felt, an ample justification for their introduction of 
this subject. In replying to this part of the discussion they would 
first wish to make a few comments on topics raised by more than 
one contributor. 
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In the first place, they felt that some response should be made 
to those gentlemen who pointed out that adequate care should be 
taken of hard-steel rolls. Behind the operating of the mills 
described there was a tradition of cold-rolling technique which went 
back for several generations, and, accordingly, they assured Mr. 
Michel, Drs. Gebhard and Hatfield, and Messrs. Allison, Dawson, 
Keshian and Smeeton that all reasonable care was taken. The 
rolls were ground after predetermined tonnages had been rolled, 
and were, in most cases, subjected to a seasoning treatment similar 
to that mentioned by Dr. Hohage. That, apart from these pre- 
cautions, the rolls were still overworked they were not prepared 
to admit altogether, and would refer those interested to the reply 
to Mr. Dawson above. 

Dr. Gebhard and Messrs. Bardgett and Dawson expressed doubt 
that the tempering action engendered by skidding was per se the 
cause of crazy pattern. The whole trend of the authors’ arguments 
substantiated that view, but it was contended that (vide p. 68) 
“the indirect stresses set up by this physico-chemical change 
(martensite to troostite) may well be higher than those mechanically 
produced.” It would be generally admitted that the superimposi- 
tion of these stresses on those inevitably present as the result of the 
frictional effect would be disadvantageous, and should, accordingly, 
be avoided. The performance of an alloy-iron roll might be invoked 
as an argument in favour of this view. In the 15-in. x 32-in. 
mill, in which surface defects reached a maximum, an alloy-iron roll 
had successfully withstood any such damage during a period in 
which no less than four new hard-steel rolls of similar hardness had 
developed serious surface cracking. 

Mr. Michel had brought a new aspect of roll failure to the authors’ 
attention. They had, with one exception (and this did not resemble 
Mr. Michel’s examples), not encountered any pronounced curving 
of the path of the fatigue crack. On the other hand, Fig. 24 
(Plate XIX.) might be regarded as showing a tendency for the crack 
to curve. Mr. Michel would regard Dr. Scherer’s Fig. EE (Plate 
XXu.) with great interest and note the explanation that that 
contributor had offered. Adams! stated that the torque set up at 
the roll surface was sufficient to produce a circumferential displace- 
ment of the structure in this region. If this view were accepted, the 
effect mentioned might account for the change in direction of the 
fatigue cracks shown by Mr. Michel. 

Dr. Gebhard’s kind introductory remarks were much appre- 
ciated by the authors, who, also, were grateful to him for his 
interesting account of recent developments in the roll-maker’s art 
and finally for the valuable analysis of the frequency of different 
types of failure encountered by him. Representing, as he did, one 
of the most successful of roll-making concerns, these figures must 

1 J, R. Adams, Year Book of the American Iron and Steel Institute, 1924, 


p. 115. 
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depict the general situation. They indicated that something was 
being done by both maker and user to minimise surface failure, but 
that modifications were necessary to combat splitting. Dr. Geb- 
hard’s tacit assurance of the merits of the solid working roll was 
worthy of note. 

The authors agreed with Dr. Gebhard that the fatigue failure 
shown in Fig. 25 was associated with obvious defects in the forging. 

Dr. Hohage might justly be regarded as the doyen of Kuropean 
makers of hard-steel rolls, and his contribution, with its wealth of 
useful detail, was commended to all roll-makers and users. 

Several of Dr. Hohage’s points required special mention. His 
comments on the variations in composition he had adopted were 
informative. The authors in urging some standardisation in 
composition had not, as Dr. Hohage appeared to think, advocated 
a single composition; they had, on the contrary, suggested that 
a variation was desirable, this being controlled by dimensional 
considerations. The use, by all makers, of a similar steel for 
similar rolls was more the development they had in mind. 

Dr. Hohage, like Dr. Gebhard, had hinted that something could 
be done by the roll-makers to minimise spalling. This was un- 
doubtedly the case, for, as stated in the paper, there was a very 
marked difference in response of various rolls to the carefully 
standardised working conditions in the authors’ mills. (This point 
received further attention below.) 

The other aspect of standardisation touched upon by the authors 
related to “ quality tests.” Dr. Hohage had illustrated, in Figs. O 
and P (Plate XXF.), tests which he had found useful in helping him 
to produce satisfactory rolls. 

Hardness measurement, as applied to rolls, was, indeed, a vexed 
question, and it was well that Dr. Hohage should have introduced 
this topic. The authors had at their disposal the dial- and bulb- 
type Shore scleroscopes and also the Schuchardt and Schiitte instru- 
ment. They, in common with most British roll-users, followed the 
British roll-makers in using the bulb type as standard. They had, 
however, taken the precaution of standardising their instrument 
against those of the various suppliers. 

Solid rolls were, also, it was noticed, approved by Dr. Hohage, 
within the dimensional limits of successful production. 

It had been stated earlier that the seasoning of rolls, at elevated 
temperatures, had been adopted in the plant with which the authors 
were associated. This step had been taken independently, and it 
was, indeed, gratifying to have Dr. Hohage’s commendation of 
the treatment. , 

Dr. Scherer’s contribution was very much appreciated and was 
accompanied by a series of striking photographs. These, with their 
perfection of detail, illustrated perfectly various types of failure 
which Dr. Scherer had encountered in his lengthy experience of 
roll production. 
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In this contribution useful comment had been made on a number 
of topics. In particular the authors were interested in Dr. Scherer’s 
remarks on the “ hollows’ produced in rolls described by them as 
having an insufficient depth of hardening. The idea that this 
might be due to deficiency in chromium content, as such, and not 
to the decreased depth of hardening consequent upon that deficiency 
had presented to them a new point of view and one which they, 
and roll-makers, would accept as authoritative. Again, the dif- 
ferentiation made between various types of spalling was of vital 
importance. A spall encountered by the authors and attributed 
by them to grinding errors was strikingly similar to that shown in 
Dr. Scherer’s Fig. Z (Plate X XJ.), whilst others, although not as 
serious as that shown in Fig. AA (Plate X XK.), had been the subject 
of debate between them and the roll-makers. The frequency of 
spall formation had reached a maximum in respect of a particular 
source of rolls, that was, the make mentioned on p. 63, which had 
produced four cases of spalling without associated “ burning.” 
Dr. Scherer’s view that defective material was involved in this 
type of failure substantiated the contentions made by the authors 
in the course of those discussions. 

On the subject of the suggestions made by the authors the con- 
tributor had made certain comments. Those in connection with 
the success of solid rolls were welcomed, because, the authors 
believed, Dr. Scherer’s firm produced the first satisfactory rolls of 
this type. He could, accordingly, speak of a fait accompli. With 
regard to his remarks on the question of alternative steels for roll 
production, the authors could refer him (Dr. Scherer) to the replies 
they had given to various other contributors. 

In the contributions of Messrs. Allison and Keshian the point 
of view of the roll-user was well expressed. Mr. Allison briefly 
reviewed the situation as he saw it, and had preserved a com- 
mendably judicial attitude. Two of his remarks called for reply. 
It might be that the proposal to diminish the specified hardness of 
the working rolls would, if put into effect, lead to a reduction of 
certain surface troubles. It was, in fact, almost certain that it 
would. But the authors had experimented with a range of hard- 
nesses in steel rolls and found that a nominal 88 scleroscope was too 
low for finishing mills. The roll marked (‘‘ dimpled ’’) readily. 
Again, alloy-iron rolls slightly over 90 scleroscope also “ dimpled.” 
Thus, at the moment, 95 minimum scleroscope hardness seemed 
desirable for finishing operations, and even in the larger mills, it 
must be realised, “‘ breaking-down ”’ as such was not effected, and, 
therefore, a reasonably good surface must be maintained in all mills. 
This, on the 15-in. x 32-in. mill, could be obtained (without 
spalling or crazy cracking) with alloy-iron rolls of about 90-92 
scleroscope hardness. 

The other point to be mentioned was that raised by Mr. Allison 
in respect of Fig. 12 (Plate XIV.). The defect illustrated was 
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actually detected before the roll had been used, and so was, of 
course, a manufacturing defect and was admitted as such by the 
makers. 

Mr. Keshian, who was a recognised authority, had encountered 
similar troubles to the authors’, when rolling similar materials. This 
was a very interesting fact and might indicate that, as was hinted 
on p. 68, the non-ferrous metals produced special and rather 
unexpected difficulties. 

The fact that Mr. Keshian found that splitting was restricted to 
smaller-diameter rolls was useful confirmation of the authors’ 
findings. It was, they believed, a general experience. In seeking 
for the cause of this behaviour they did not overlook the fact that 
the material rolled was thinner and that conditions, as regarded 
pressure, might be more severe in the smaller finishing mills. At 
the same time, however, they had formed the view that the adoption 
of a photo-elastic technique, similar to that described by Mr. Bard- 
gett, might reveal a difference dependent largely on stress dis- 
tribution. Thus they ventured to suggest that the high stress set 
up at the surface of a large roll probably tended to “damp out ”’ 
in traversing the intervening mass of metal and did not produce 
the corresponding high reciprocal stress at the bore, as it did in the 
vase of the smaller rolls. This aspect has been admirably covered 
in Mr. Brown’s contribution, where, in a particular case, quanti- 
tative relationships were expressed. In these circumstances there 
would be a critical roll diameter, for a particular pressure, which 
would represent the minimum which it was safe to have bored. 
Conversely, increasing pressures would produce splitting in rolls of 
increasing diameter; modern trends in the cold-rolling industry 
were confirming this point. 

The question of hardness had been raised by Mr. Keshian; to 
this the authors had referred when replying to Mr. Allison. 

The interest of the alloy-iron roll-makers had been displayed by 
the contributions of Messrs. Blagden and Smeeton. Mr. Blagden 
wrote of the practical difficulties to be overcome in making these 
rolls. The authors, like him, were still doubtful regarding the 
success of alloy-iron rolls in four-high mills making finishing passes. 
They could, and, in fact, had, at various places in their reply, 
confirmed the success which had been obtained in overcoming crazy 
cracking and surface defects set up by heavy drafting. The authors 
were interested to note that Mr. Blagden subscribed somewhat to 
their view in assuming that this success was in part due to the 
“thermal stability ” of the materials. 

Mr. Smeeton made certain interesting and valuable comments 
on modern practice in the United States of America. He also made 
reference to the “compound” roll. This, the authors believed, 
was proving increasing successful in the fields which Mr. Smeeton 
mentioned. Success in the four-high cold-strip mill would represent 
a desirable achievement. 
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The authors were much indebted to Mr. Brown for the important 
facts regarding the actual magnitudes of the stresses encountered 
within the area of contact, between the working and backing rolls, 
which he had brought out so lucidly. They accepted these results 
as a basis of consideration and noted with interest one of the deduc- 
tions Mr. Brown had made from them. This was in respect of the 
tensile stress set up over the boundaries of the contact areas. A 
similar, though probably smaller, stress would be engendered within 
the contact surface between the roll and the stock. Mr. Brown 
expressed the view that this could hardly be held accountable for 
the appearance of crazy pattern. The authors were prepared to 
believe that it might well be an important contributory factor. 
They had found that the entry of a narrow wedge-shaped fragment 
or pointed leading edge would produce severe crazy pattern of a 
characteristic type. This took the form of a series of parallel axial 
splits, which differed fundamentally in form from the more or less 
polyhedral pattern occurring in two-high mills. 

They were glad to have Mr. Brown’s support for their advocacy 
of relatively large backing rolls. This practice was also well 
exemplified in the roll proportions selected for the heavy four-high 
cold mills which had lately been built in the United States. 

Mr. Brown, in commenting upon the 1l5vin. and 36-ins x 32-in. 
mills in the authors’ plant; pomted out that the diameter of the 
working rolls might have been reduced somewhat from considerations 
of loading alone. As ‘he inferred, this di#meter-was selected to 
ensure facility of enyagement of ‘lie stock with the heavy drafts 
contemplated on brass. In practice this diameter had not been 
found any too great for this purporse. 

In conclusion, it remained for the authors to express their satis- 
faction that such a large measure of agreement had been reached 
with so many of those gentlemen who have been good enough to 
participate in the discussion. In particular, they would like to 
reiterate what was said in the paper, and repeated almost unani- 
mously by both speakers and writers, that further progress could 
only be expected if intensive co-operation between makers and 
users were maintained. The frank manner in which so many 
Continental roll-makers had expressed their views, along the lines 
of constructive rather than destructive criticism, should do much 
to foster the necessary spirit. 
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THE FIRING OF OPEN-HEARTH FURNACES 
IN GERMAN STEELWORKS.* 


By Dr.-Inac. FRIEDRICH WESEMANN (DusseEvporr). 


SYNOPSIS. 

Fuel economy in German steelworks.—Distribution of different 
heating methods.—Requirements as regards firing temperatures, 
luminosity of the flames, and heat throughput in the furnace.— 
Relation between preheating of the gases and luminosity of the 
flames.—Artificial carburetting.—Heating surface of the checker- 
work in the regenerators.—Dimensions of burner and chimney in 
relation to the heat requirements of the furnace.—Relations between 
the size of furnace, heat consumption per hour, output and area of 
the furnace.—Summary. 


I.—GENERAL SURVEY OF FUEL CONDITIONS. 


WHEN the open-hearth furnace was first introduced in Germany, 
about seventy years ago, the fuel used in the small furnaces of that 
day was producer gas, which was produced from pit coal in gas 
producers attached to or separated from the furnace. In the course 
of later development the principles underlying the construction of 
open-hearth furnaces have altered relatively little, although many 
variations in the melting procedure have been developed. The 
methods of heating and the details of the open-hearth furnace have, 
however, undergone profound changes during this period, reflecting 
the progress made in the technique of steel production and in the 
conservation of fuel on the part of the German steel industry. 
Whereas originally the open-hearth furnace was fired exclusively 
with pit-coal producer gas, in the course of years a series of other 
fuels have been introduced, the most important particulars of which 
are summarised in Table I. 

The kinds of gases which come into question will now be stated. 

In the first place, there is the producer gas produced from 
briquettes of brown coal which has come into use since about 1908. 
The composition of this gas is very similar to that of coal gas, 
except that, in consequence of the higher bitumen content of the 
raw material, it is richer in heavy hydrocarbons, methane, and tar; 
and its calorific value (including tar) is therefore higher by 70-120 
kg.cal. per cu. m. at N.T.P. The temperature produced is lower 
and the moisture content is considerably higher, because in the 
brown-coal briquettes the ratio of moisture content to calorific 
value is considerable, and steam, varying in amount according to 
the properties of the ash, has to be added to ensure gasification. 
* Received July 13, 1936. 
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Frequently, brown-coal briquettes are used in conjunction with 
coal. 

The fuel gas next calling for mention is mixed gas, which, 
again, was first tried about 1908. This is a mixture of blast-furnace 
gas and coke-oven gas in the proportion of 1-5-2 parts of the former 
to 1 part of the latter. Its calorific value lies somewhere between 
2000 and 2500 kg.cal. per cu. m. at N.T.P., according to circum- 
stances, and its temperature is 20-40° C. when fully saturated with 
steam. ‘Tar is absent and only traces of dust are present. 


TABLE I.—Data for Various Kinds of Gases (Average Values). 


Producer 











| Gas made a —_, Mixed Coke-Oven 
| | from Pit Briquettes. Gas. Gas. 
Coal. 
| 1. Composition of gas 
OSS ae : ; 3-4 | 3-5-5-0 5-7-6-0 1-9-2-4 
Heavyhydrocarbons. % | 0-2 0-2-0-4 0-8—-1-1] 1-8—2-5 
Oo, % ; ; ‘ a ae 0-2 0:4-0-6 
co. % 28-30 | 29-30-5 21-23 5-5-6°7 
H,. % .| 12-14 | 12-14 20-21 | 52-0-57-0 
CH, % . . | 18-23 | 1-8-2-5 9-12 | 24-0-27-0 
Nz % . : - | 50-52 50-52 40-42 8-0-12-0 
2. Tarcontent. G.percu.m.* | 15-25 25-35 
3. Moisture content. G. per 
cu. m.* : ; : 35-80 70-150 5-30 10-25 
|4. Air required. Cu. m. per | 
cum* . .  . | 1416 | 15-18 | 1-90-20 | 40-43 
| 5. Volume of moist waste gas. | 
Cu. m. per cu. m.* | 2-3-2°5 | 2-5-2-7 2-7-2°9 4-6-4-9 
| 6. Density. Kg. per cu. m.* 1-25 1-18 1-01 0:4-0°5 
| 7. Calorific value, including | | 
tar. Kg.cal.percu.m.* | 1630 1730 =| 2050-2300 | 4000-4200 
* At N.T.P. 


Dreigas (‘‘ three gases?) may be regarded as coming one stage 
lower down in the scale than pure “ mixed gas,” being itself a 
mixture of producer gas, blast-furnace gas, and coke-oven gas in 
any desired proportion. Mixtures of producer gas with coke-oven 
gas are also used.” 

The most recent method of heating to be introduced, dating 
from about 1913, is the use of pure coke-oven gas—a fuel which, 
since the establishment of large modern coking plants, has become 
available in a cooled, purified, and usually desulphurised condition. 
Its composition varies, within certain limits, according to the 
origin of the coal, the limits being wider than those indicated in 
Table I. The content of benzol and naphthalene used to be some- 
where between 2 and 5 g. per cu. m. at N.T.P., according to circum- 
stances, but is now more usually below 2 g. per cu. m. 

Regarding the distribution of use of the various fuels among 
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the German open-hearth works, the following information may be 
given. Even before the war, successful experiments were being 
made to set aside the predominance of coal as the fuel in use in 
steelworks. At that time, however, only a few of the steelworks 
were using brown-coal briquettes, as the experiments in the use of 
pure coke-oven gas and mixed gas had not yet been carried to the 
stage of continuous operation. The pronounced shortage of coal 
in the period following the war led to a great increase in the number 
of steelworks changing over to other fuels. At the present time, 
the information available from 50 steelworks indicates that the 
usage of different fuels is distributed as follows : 


10 works use pit-coal producer gas. 

8 works use brown-coal-briquette gas. 
7 works use mixed gas. 

10 works use Dreigas. 

15 works use pure coke-oven gas. 


The extensive use made of the pure gases obtained from the 
coking of coal and from the heating of coke—that is to say, mixed 
gas and coke-oven gas—is attributable mainly to two causes. The 
first of these is the complete equipment of the steelworks in the 
tuhr and Saar regions for mixed metallurgical work covering the 
whole range of operations from the blast-furnace and coke-ovens 
to the refining process, and also the relatively large amount of 
pig iron now used in steel production, by means of the basic Bessemer 
process. The production and use of coke is governed by this 
circumstance, and so, likewise, are the quantities of blast-furnace 
gas and coke-oven gas available, apart from the operation of the 
blast-furnace and the coking plant itself. 

The second reason is one which has arisen quite recently in 
the development of long-distance gas supply, which has greatly 
increased the possible field of use of the coke-oven gas produced 
in the coking plants by making this available also to steelworks 
not participating in mixed metallurgical operations. The con- 
sequence is that during the past ten years many “ pure ”’ steelworks 
have changed over to the use of pure coke-oven gas, the technical 
problems involved having been satisfactorily solved about 1925. 


IIT.—GOVERNING CONSIDERATIONS FOR THE VARIOUS METHODS OF 
HEATING. 


In the operation of open-hearth furnaces, the utility of the 
various fuels is bound up with three important considerations 
which have influenced both the construction and the operation of 
these furnaces. They may be stated as follows : 


(1) The required temperatures of combustion must be attained. 

(2) The flames must have adequate luminosity. 

(3) In order that the furnace may give a high yield, the throughput 
of heat must be as high as possible. 
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The adaptation of the various methods of heating to these 
requirements has repeatedly been the object of exhaustive investiga- 
tions on the part of the Steelworks Committee of the Verein deut- 
scher Eisenhiittenleute. Only what is fundamental in the results 
so obtained will be mentioned here. 


(1) Temperatures of Combustion. 


The combustion temperatures obtaining in the hearth of the 
open-hearth furnace lie between limits, the lower being determined 
by the requisite temperatures of the metal bath, and the upper by 
the stability of the refractory lining of the furnace. For many years, 
the determination of these temperatures, whether by optical or by 
thermo-electric methods, has been a matter of great difficulty, 
and it is only quite recently that it has become possible to establish 
the true temperatures of iron, steel, slag, and refractory materials 
by means of visible radiations, using the new “ Bioptix ”’ colour 
pyrometer.® The following temperatures were found with this 
apparatus in the upper part of an open-hearth furnace : 


Temperature of the bath after melting down, 1650—-1750° C. 
Temperature of the flames after melting down, 1850—2050° C. 
Temperature of the roof after melting down, 1670—-1720° C. 


The fact that the temperature of the bath is sometimes higher than 
that of the roof is due to the losses of the latter through cooling, and, 
as explained below, it is also connected with the luminosity of the 
flames. Within the furnace, therefore, an average flame tempera- 
ture of about 1950° C. must be attained over the whole length of 
the furnace, and there must be a powerful transfer of heat to the 
bath, the roof, and the cooled portions of the furnace. The com- 
bustion temperatures of the gases mentioned above, measured 
calorimetrically without reference to the effect of dissociation or 
to preheating of the gas or air, are as follows : 


Producer gas produced from pit or brown coal, 1810° C. 
Mixed gas (calorific value 2100 kg.cal. per cu. m.), 1920° C. 
Coke-oven gas, 2130° C. 


When, however, account is taken of the temperature drop caused 
by the giving-up of heat by the flames during combustion, the well- 
known fact is confirmed that it is impossible to produce steel in 
the open-hearth furnace without preheating either the gas or the 
air. It is the regenerative principle, developed by Siemens, of 
utilising the heat present in the hot gases as they leave the furnace 
to preheat the fuel gas and air, which enables the combustion 
temperature of the gas-and-air mixture at the burners to bt brought 
up to the following values : 

Producer gas as produced from brown or pit coal, 2700° C. 


Mixed gas, 2800° C. 
Coke-oven gas, 2830°,C. 


- 
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The proportions of the true to the calorimetric flame temper- 
atures, known as the pyrometric efficiencies of the combustion, 
for the three fuels named, are 0-74, 0-715, and 0-705, respectively. 
These values correspond to what is obtained in other types of 
furnace, where regenerative combustion is combined with rapid 
heat transfer from the flames. 

While it is thus possible to ensure that the required flame 
temperature shall be obtained by recovering the heat present in 
the gases entering the regenerator, the preheating of the air, and 
especially of the gas, must be regulated within quite definite ranges 
of temperature. In the operation of the open-hearth furnace this 
is a matter of great importance. The principles that govern pre- 
heating may be stated as follows : 


(1) The refractory brickwork in the regenerator, which, 
at the temperature there prevailing, is subject to severe 
chemical attack by the dust present in the waste gas, must 
not be liable to premature damage through overheating. 

(2) Regard for the necessary luminosity of the flame must 
be allowed decisive weight in determining the amount of 
preheating to be applied to the gas. 

(3) The degree of preheating to be applied to the gas and 
air also depends on the temperature and the heat content of 
the waste gases entering the chamber. 


The most important of these three conditions is the luminosity 
of the flame, which exerts a decisive effect on the output, the 
metallurgical procedure, and the life of the furnace. The relation- 
ship between the luminosity of the flame and the preheating of the 
gas thus becomes a matter of dominant importance. 


(2) Luminosity of the Flame. 

As is well known, the significance of the luminosity of the flame 
results from the fact that it increases the transmission of heat, as 
compared with a non-luminous flame, much more so, indeed, than 
does radiation or convection. When it is remembered that the 
bath temperature of 1650-1750° C. required for the boil exceeds the 
softening point of silica bricks, it will be understood how important 
it is that the heat should be carried directly to the bath with the 
help of a strongly luminous flame, so as to give the roof and walls 
of the furnace some thermal relief. Since the temperature of the 
roof is limited to about 1720° C., the point at which softening 
begins, the temperature has to be reduced unless the flame is 
luminous. This, in turn, implies a reduction in the output of the 
furnace and of the bath temperature, and entails many disadvant- 
ages from a metallurgical point of view, such as scum formation 
in the bath, slow boiling, &c. A further disadvantage of the non- 
luminous flame is the fact that observation of such a flame is not 
possible. 
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The “carriers ”’ of luminosity are fine particles of carbon produced 
by the preheating of the gas, from the breakdown of the tar in the 
case of the generator gas, and by the decomposition of the heavy 
hydrocarbons and methane in the case of mixed gas. Where 
heating by coke-oven gas is employed, which, as is well known, 
is not preheated, the practice has recently been introduced of 
“ carburetting ” it in order artificially to multiply the particles 
which produce luminosity. In this connection, it is to be observed, 
however, that the luminosity of a flame does not depend only on the 
quantity of the precipitated or artificially added carbon particles, 
but also on the nature of the chemical combination in which they 
were originally present. The highest luminosity is obtained from 
atomically precipitated carbon. 

The following important relationships hold between the dissocia- 
tion of the “‘ carriers ’’ of luminosity and the preheating of the gases. 

(a) With producer gas, the breakdown of the tar and the pre- 
cipitation of the carbon reaches its optimum at temperatures of 
about 900° to 1000° C. The presence of moisture in the gas results, 
as is well known, in a water-gas reaction, which influences the 
combination of the precipitated carbon particles to form carbon 
monoxide or carbon dioxide, the amount and rate of this reaction 
depending also on the temperature of the gases. Whereas the rate 
of precipitation of the carbon reaches a maximum at about 1000° C., 
the water-gas reaction proceeds most powerfully at about 1200- 
1250°C. For this reason, the preheating of the gas should not be 
carried above 1000°C., if it is desired to take advantage of the 
recovery of the heat in the waste gases. The marked decrease of 
the luminosity of the flame as the moisture content rises shows the 
necessity for keeping the addition of steam in the gasification of 
coal and brown coal as low as possible, and also the necessity for 
aiming at a high tar content in the gas by using high gasification 
temperatures. The correct amount of steam to be added, in the 
case of coal, depends on the quantity of ash present and on its 
softening point, and may range from 250 to 300 kg. per ton of fuel ; 
in the case of brown-coal briquettes, the corresponding value may 
be from 0 to 200 kg. per ton. In the case of briquette gas, the 
harmful influence of high humidity in the gas is compensated for 
by the high tar content (compare Table I.). This indication is 
confirmed by recent experiments and by many years of operating 
results. A moisture content in excess of 100 g. per cu. m. greatly 
decreases the luminosity of the producer-gas flame. Any attempt 
to inhibit the water-gas reaction, despite a high steam content in 
the gas, by the adoption of very low gas preheating temperatures 
must be abortive, because under these conditions the Breakdown 
of the tar will also remain incomplete. 

(b) In the case of mixed gas, the precipitation of the free carbon, 
which is necessary to give luminosity, occurs through the decomposi- 
tion of the heavy hydrocarbons and the methane. This takes place 
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by a reaction, governed by the temperature of the gases, which 
begins at about 800° C., and reaches its maximum effect at 1200- 
1250° C. The water-gas reaction, tending to make the free carbon 
revert to a gaseous state by interaction with the moisture, proceeds 
at the same time. Since the precipitation of carbon and the 
water-gas reaction reach their maxima within the same range of 
temperature, a moisture content of 70 g. per cu. m., corresponding 
to a gas saturation temperature of 40° C., may lead to complete 
combination of the precipitated carbon, and consequently, to loss 
of all luminosity in the flame (see Fig. 1). The miscarriages ex- 
perienced when mixed-gas operation was first introduced, may 
be attributed to these relationships not having been properly 
understood. Nothing more is necessary than to restrain the 
water-gas reaction to a minimum by keeping the moisture content, 
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Fic. 1.—Free Carbon Content of Preheated Mixed Gases (Heiligenstaedt). 


and, therefore, the high cooling power of the mixed gas before it 
enters the furnace, as low as possible. Besides this low moisture 
content, a high degree of preheating, to 1200-1250° C., is very 
important, and this implies that the temperature of the waste 
gases entering the gas regenerator must be about 1400°C. If the 
waste gases are cooled too strongly on their way to the checkerwork 
by the entry of air, the preheating effect and, consequently, the 
luminosity of the flame are much reduced. The danger of this 
happening has long been a difficulty in the operation of tilting 
mixed-gas furnaces, in which there is a more or less leaky joint 
between the hearth and the burners; indeed the importance of 
this matter outweighs even that of draught regulation in the hearth. 
Another essential for adequate preheating of the gases is that a 
sufficient quantity of waste gases should be passed into the gas 
chamber. Whereas, for the preheating of producer gas, 30% 
of the waste gases may be sufficient, in the case of mixed-gas opera- 
tion the proportion is increased to about 45° on account of the 
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greater heat requirement for heating and decomposing the gases. 
As will be explained later, special measures are necessary to ensure 
this distribution of the waste gases to the gas and air regenerators. 

(c) Dreigas—The use of Dreigas is, therefore, especially ad- 
vantageous, in that it provides a means of ensuring adequate 
luminosity in the flames under all conditions by making use of the 
tar in the producer gas, even in furnaces where the gas regenerator 
is too small and where, consequently, the preheating is insufficient 
and large variations in the quantity and composition of the gas 
mixture occur. Dreigas may, therefore, be looked upon as the 
immediate forerunner of mixed gas, and even now it continues to 
be used. In many works the practice is to limit the amount of 
producer gas to what is necessary to ensure luminosity of the 
flames. 

(d) Coke-Oven Gas.—The position of coke-oven gas is somewhat 
peculiar, in that it possesses a high calorific value, and the 
quantity of the resulting waste gas is not sufficient to preheat the 
gas adequately as well as the air. The reason for this is to be found 
in the low ratio of the volume of waste gas to the volume of Air 
for combustion, which is a consequence of the chemical composition 


TABLE II.—Air Required for Combustion, and Volume of Waste Gas, 
for Various Fuel Gases. 




















| 

Air Required. Moist Waste Ratio: Ratio : 

Fuel. Cu. m. per Cu. _ per Col. ¢ _ Col. ¢ | 

cu. m. ican: Col. 6 Col. b+1 | 
a. b. c. d, | - | 

acai ones | = oo ncaa accent oe | 

| Producer gas 1-45 2°32 1-60 0-95 

| Mixed gas 1-97 2-87 1455 | 0-967 

| Coke-oven gas . 4-06 4:78 1:18 | 0-947 


of the gas, as shown in Table II. On the other hand, it is this 
very circumstance which has made it possible so greatly to simplify 
the construction of furnaces fired with coke-oven gas, by the omis- 
sion of the gas regenerator, as exemplified in Fig.2. The introduc- 
tion of coke-oven-gas operation was, however, attended by numerous 
initial difficulties, the overcoming of which has been exhaustively 
explained by O. Schweitzer.” It was found that a calorific value 
of not less than 4000 kg.cal. per cu. m. is indispensable, and that, 
even so, in many plants the flame was rendered completely non- 
luminous and a considerable reduction in the output of the furnaces 
occurred—especially when using gas that had been transported a 
long distance and had been largely freed from benzol and naphtha- 
lene—despite higher combustion temperatures and roof temper- 
atures. There was considerable scum formation on the heats, 
and it was difficult to bring them to boil. 
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Fia. 2.—Open-Hearth Furnace for coke-oven-gas firing (Schweitzer). 











112pP WESEMANN : THE FIRING OF OPEN-HEARTH 


While the older coking plants, which had been constructed 
mainly to meet the demands of local metallurgical requirements, 
produced a gas with a high content of benzol (2-5 g. per cu. m.) 
and of naphthalene (30-50 g. per 100 cu. m.), very effective carriers 
of luminosity, the transport of gas to a distance imposed very 
exacting requirements as to its purity, and led to a reduction of 
the benzol content to less than 2 g. per cu. m. and of the naphthalene 
content to between 6 and 10 g. per 100 cu. m. Since the gaseous heavy 
hydrocarbons, amounting to between 1-8 and 2-5% of the gases 
by volume, were in most cases insufficient, it became customary, as 
the result of purely practical experience, artificially to augment 
the quantity of carriers of luminosity in the flames at any suitable 
time during the melting operation, but principally at the time of 
melting down and of free boiling. Under German conditions, 
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Fic. 3.—Conveying and Injection Equipment for pulverised brown coal 


(Kreutzer). 


it was found that powdered or liquid materials were especially 
suitable for the purpose, brown-coal dust being preferred among 
the former and tar-oil or crude tar among the latter. 

Thus, brown-coal dust is particularly favoured in the western 
part of the country, as it can be obtained cheaply from the adjacent 
brown-coal district of the Rhine area. Moreover, it can be con- 
veyed and injected in simple forms of pipework without cooling 
arrangements, although the more rapid slagging and clogging of 
the regenerators resulting from the ash content of the dust is often 
found to be a disadvantage, even where the checkerwork openings 
measure 100-120 mm. square, making it necessary to shut down 
the furnace for a short time after every 300-400 heats for cleaning 
purposes and partial renewal of the checkerwork. . 

The layout of a dust injection plant of this kind is shown in 
Fig. 3. The dust is brought from the bunker with the aid of about 
1 cu. m. of air per kilogramme of dust, and is impelled by a blower 
through a reversing valve direct to the gas ports in the burners, 
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into which it is injected. The technical details of this arrangement 
have been worked out very thoroughly and it has proved entirely 
satisfactory. 

The particular advantage of effecting the “ carburetting ” by 
means of a liquid is that the chambers are kept clean, and this may 
be a matter of overwhelming importance when the checkerwork 
openings are small. The disadvantages, however, are the relatively 
high cost of the crude tar and tar-oil by comparison with that of 
brown-coal dust, and, further, the fact that where tar injection is 
used the pipework and containers have to be heated, and the 
injection nozzles become complicated. Until recently, varying 
opinions were held as to the best method of introducing the liquid 
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Fig. 4.—Conveying and Injection Equipment for liquid fuel (Baare). 


carburetting material into the furnace, but the latest experience 
would appear to indicate that this is best accomplished by atomising 
the tar-oil with compressed air in suitable atomising nozzles, which 
are not fitted inside the actual gas ports or in the port ends, but 
are placed close behind the port ends in the roof, and are water- 
cooled. There is a serious disadvantage in the injection of atomised 
oil in the immediate neighbourhood of the gas ports on account of 
its powerful premature combustion which leads to a rapid increase 
in temperature in the burners and consequently to rapid deteriora- 
tion of the furnace roof arches. On the other hand, if atomisation 
is not used and the oil is simply injected in a continuous stream, 
the latter breaks up so slowly that carburetting can be effected 
only after the charge has been melted down. Fig. 4 shows a 
modern form of plant for carburetting with a liquid fuel. 
1936—ii I 











ll4r WESEMANN: THE FIRING OF OPEN-HEARTH 


A few data regarding the operation of carburetting are given 
in Table III. It will be seen that the output is increased through 
the adoption of injection (line 4), while the heat requirement of the 
furnace is scarcely diminished or is reduced only in accordance 
with the actual increase in output. On the other hand, there are 
great differences between the figures for the consumption of car- 
buretting material (lines 1 and 2), depending on whether a powdered 
or a liquid material is being used. This circumstance once again 
opens up the question of the extent to which carriers of luminosity 
are necessary with each method of heating. 

Table IV. gives some information on this point, showing that in 
the case of producer gas or mixed gas the quantity of carbon set 
free by decomposition may range from 10 to 15 g. per 1000 kg.cal. 
of chemically ‘‘ bound ” fuel heat; it should be observed that the 


TaBLE III.—Data from Coke-Oven Gas Operation in Open-Hearth 
Furnaces with Carburetied Fuel. 


| Injection of 
No. | Description, Unit. a ay 
| } Brown-Coal | Tar-Oil and | 
| | | Dust. | Tar. 
| 








| 
] 
1 | Carburetting material con- | 





sumed per ton of raw 
steel : : . kg. per ton 50-55 13-17 

2 | Proportion contributed by | | | 
carburetting material to | | 
heat supply . : 4 % | 24-27 | 11-14 

3 | Relative volume of air | | 
checkerwork | cu. m. per million 16-25 | 








/0 


| kg.cal. per hr. | 
| 4 | Increase in output | o% | 2 
corresponding values for brown-coal-briquette gas take no account 
of the effect, generally present, of the effect of the water-gas reaction 
on the precipitation of carbon. The amount of carbon obtained 
from coke-oven gas, namely, 7-10 g. per 1000 kg.cal., is only slightly 
less, the precipitation of the carbon being here accomplished by 
thermal decomposition during the combustion of the gas, so that 
a large proportion of the liberated carbon particles burn at the 
moment of their precipitation without ever reaching a luminous 
condition. Such a premature combustion of the carbon is favoured 
by the relatively long distance over which the flame burns before 
entering the hearth. As a result of this, an artificial addition of 
carriers of luminosity is often indispensable. That the ‘amount of 
carbon added in the form of tar-oil, 15 g. per 1000 kg.cal., or 
23°5 g. per 1000 kg.cal. including the carbon thermally split out of 
the gas, as shown in line 3 (a) of Table IV., far exceeds the correspond- 
ing figures for producer-gas or mixed-gas operation may be attri- 
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buted to the ineffectiveness of the mechanical atomisation of the 
liquid carriers of carbon in comparison with the true atomic splitting- 
out of the carbon. In this connection the figures for brown-coal 
dust given in line 3(b) are entirely different from the others, the 
consumption of carbon being raised to 33-5 g. per kg.cal. and 
being, therefore, double the corresponding amounts for cases I, 2, 
and 3. The reason for this may be found either in the chemical 
constitution of the brown-coal dust or in its relatively low price, 


which tends to encourage its more generous use. 


TABLE IV.—Quantity of “ Carriers” of Luminosity Present with 
Various Methods of Heating Open-Hearth Furnaces. 
| Carriers of Luminosity. 


| 
Humidity | 








Preheat of Gas. Quantity. 
= Fuel. a ag G. ae : i Carbon. 
oO. | ° } cu.m.a ar * G. per 
N.T.P. Kin l - CG. per 1000 
| | ] —s per 1000 kg.cal. 
cu. m, | kg.cal 
a. b. c. d. e | f. g 
1 | Producer gas—_ | 
(a) from pit coal. | 900-1000} 35-80 ar. 15-25 8-7-14-5 | 7-4-12-0 | 
(6) from brown-; 900-1000} 70-150 | Tar. | 25-35 | 13-8-19-5 | 11-5-16-5 | 
coal briqu- | | | | | 
ettes. | 
2 | Mixed gas. | 1100-1250! 15-30 | Carbon  precipi-}| 25-30 | 11-9-14:3 | 
| | tated from heavy | | 
| | and light hydro- | | 
| | carbons and | } 
| methane. | | | 
Coke-oven gas. | 10-25 Carbon precipi-| 33-47 8-11-5 7-0-10-0 
tated from heavy 
and light hydro- | | 
carbons without | 
| | methane. | | 
(a) Oil injection. 10-25 | Tar, oil (and pre-| 70 (110) | 16-9 (26-9) | 15-0 (23-5) 


cipitated car- 
bon). | 

10-25 Brown coal dust | 240 (280) | 59-0 (69-0) | 33-5 (42-0) 

(and precipi- 

tated carbon). 


() Dust 
tion, 


injec- 


tecently, the proposal has been tested whether the methane 
in the coke-oven gas might not be decomposed, instead of introduc- 
ing with difficulty these special carriers of luminosity. The sugges- 
tion was that this might be accomplished by heating the gases in a 
similar way to that practised in mixed-gas operation, or altern- 
atively, by means of incomplete prior combustion. The second 
method has recently been given a practical trial in three furnaces, 
and the first results have proved promising, though the problem of 
suitably designing the burners for this purpose is still far from being 
solved. The feasibility of the first alternative depends on the 
suggestion that the heat of the waste gases might be used first to 
heat the gas to the temperature necessary for the decomposition of 
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the methane, the remainder of the waste heat preheating the air 
(perhaps at a lower temperature), the splitting-out of carbon in the 
gas regenerators being controlled by the simultaneous addition of 
steam and with the aid of the water-gas reaction. So far, this 
proposal has not been tried in practice, but calculations indicate that 
it should be perfectly feasible. 

(e) Implications as Regards Size of Regenerator Chambers.—As is 
well known, the preheating of gas and air is governed in the first 
place by the temperature of the waste gases, which is already 
fixed, and in the second place by the proportionate volumes or 
(more correctly) the proportionate moisture contents of the material 
yielding and absorbing heat and the area of the heating surface 
of the regenerator chamber, the largest portion of which is the 
heating surface of the checkerwork. It is not proposed here to go 
into these questions of heat storage in relation to the various 
methods of heating, as they have already been repeatedly and 
exhaustively treated in the literature.“ 

Since the heat exchange which proceeds in the regenerators 
depends, as a first approximation, on the amount of heat brought 
into the furnace per hour, it is customary to express the necessary 
amount of checkerwork heating surface in the pair of chambers 
in terms of the heat supply measured in millions of kilo-calories 
per hour. Since, as is indicated below, the consumption of heat 
per hour is a quantity intimately connected with the capacity of 
the furnace, it is possible to calculate the absolute heating surface 
of the chambers and checkerwork in square metres directly for anv 
given furnace. Table V. gives typical values for checkerwork 
surfaces arranged according to the various methods of heating. 


TABLE V.—Checker Heating Surfaces in the Pairs of Regenerators of 
Open-Hearth Furnaces with Different Methods of Heating. 


Heating Area. Sq. m. per million kg.cal. per hr. 
Fuel. 
Gas Chamber Air Chamber Te 

a. b. A d, 
pa eee. : 
Producer gas , 75-95 90-120 165-215 
| Mixed gas ; : 135-160 165-190 300-350 
| Coke-oven gas . : eka 200-300 200-300 


This shows good agreement with what has been said regarding 
the luminosity of the flame, the heating surface of the checkerwork 
in the gas chambers of mixed-gas furnaces being some 40—70°, 
larger than in the case of producer-gas furnaces. The difference 
might have been expected to be still greater in view of the heat 
requirement for heating and decomposition of the mixed gas being 
60-100° greater, but regard must here be had to the much lower 
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inlet temperature of mixed gas, which increases the average temper- 
ature difference between the waste gas and the fresh gas, and so 
increases the heat load on the heating surfaces. There is a further 
explanation in the fact that a larger proportion of the waste gases 
is taken through the gas chamber owing to the throttling of the 
draught in the air-reversing mains, and to the reduction of the 
cross-section in the burner used in the mixed-gas furnace. In 
the mixed-gas furnace a smaller quantity of the waste gases enters 
the air chamber, and the heating areas have consequently to be 
much increased, by as much as 60-100° in comparison with the 
generator-gas furnace, as is indicated in Table V., column c. In 
consequence of this, the total heating area of the checkerwork in 
the mixed-gas furnace is much more generously dimensioned, so 
that the utilisation of the heat in the waste gases is improved and 
the thermal advantage of the mixed-gas furnace over the producer- 
gas furnace is assured, amounting to a reduction in the heat require- 
ment per ton of steel of some 10-20%. 

The area of the air checkerwork in an open-hearth furnace 
heated with coke-oven gas lies somewhere between the total heating 
surface in a producer-gas and in a mixed-gas furnace, and it con- 
siderably exceeds the surface of the air checkerwork alone in these 
two forms of furnace. Its size depends on the necessity of increas- 
ing the preheating of the air as much as possible, since there is no 
preheating of the gas, and the air is heated up to between 1250 
and 1300° C. 

The method of constructing the checkers in the chambers de- 
pends on whether sufficient room is available. If this is the case, 
it is preferred to use “ straight-through,’ unchecked packing with a 
width of opening of 80-150 mm. and a thickness of bricks of 65 mm. 


TaBLE VI.—Heating Surfaces per Cu. M. of Checkerwork with 
Different Sizes of Passage. 
160 x 


Size of passage. Mm, ee = , : a 
square. vs wv. 100. 120. 100. 140. 155, 160. £00 


Heating Surface. 
Sq. m. per cu. m. 
of checker volume 17-60 16-70) 15-80, 14-30 14-00 13-10 12:30 12-00 | 10-37 


(standard brick). Table VI. shows the heating area in sq. m. 
per cu. m. of checker volume in accordance with different cross- 
sections of passage. In deciding the latter dimension regard must 
be had to the dust content of the waste gases, especially in the case 
of coke-oven gas heating with injected brown-coal dust, and it is best 
to keep as close as possible to the upper limit of size for the passages. 
Special checkers, with from 25 to 35 sq. m. of heating area per 
cu. m. of checker volume are appropriate only when made necessary 
by the narrowness of the chambers, as, for instance, when the upper 
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furnace has subsequently been enlarged and only where the dust 
content in the waste gases makes them permissible. The weight 
of brickwork in the checkerwork is a matter of only secondary 
importance from the point of view of heat exchange, since it affects 
mainly the variations in temperature between reversals of flow. 
Generally speaking, the storage capacity afforded by the usual 
forms of checker heating areas is sufficient for the purposes of 
practical operation, so that this discussion may be confined to a 
critical appreciation of these heating surfaces. 


(3) Heat Throughput of the Furnace. 


Since the total heat throughput of the open-hearth furnace 
must be sufficient to cover both the useful heat and the heat losses, 
it is necessary, in order to secure high output and high bath temper- 
atures together with adequate luminosity of the flames, that the 
heat supply to the furnace should be as great as possible in relation 
to its size. The quantity of heat with which a given furnace can 
deal depends, however, on two considerations : 


(1) The burners of the furnace must be constructed in 
such a way that the greatest possible proportion of the fuel 
undergoes complete combustion within the hearth, and so 
that the flame is uniformly well distributed over the whole 
of the bath; it is particularly necessary to avoid after-combus- 
tion within the outlet port of the furnace on account of the 
danger to the masonry. 

(2) The draught of the chimney must be sufficient to with- 
draw a quantity of waste gases corresponding to the rate of 
supply of the fuel, without any risk of the flames issuing 
through the doors. 


Now it is possible for the furnaceman to control the character 
and rate of the combustion, and the position of the flame within the 
furnace, by suitably choosing the speed and direction with which 
the gas and air are injected into the furnace. The velocity of 
flow of the gas and air is limited on the one hand by the available 
pressure on the inlet side and on the other hand by the available 
draught on the outlet side, since either port end of the furnace has 
to serve alternately as burner and as outlet. The only exception 
to this statement is in the case of furnaces heated with cold coke- 
oven gas, where the fresh gas is introduced through special water- 
cooled nozzles, so that the velocity of the gas is independent of the 
draught conditions. In all other open-hearth furnaces the dimen- 
sions of the cross-section of the burner are further determined by 
the preheating capacity of the chambers, which in turn depends 
on the proportion in which the waste gases are divided between 
the gas and air passages in the outlet portend. As already explained 
above, the mixed-gas furnace, for instance, requires the passage 
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of a much greater quantity of waste gases through the gas regenerator 
than is the case in the producer-gas furnace. 

Through a long process of development in practice a compromise 
has been reached between these partly conflicting considerations. 
The results of this work are shown in Table VII., in which typical 
data for furnace port ends governing the progress of combustion 
and direction of the flames with various methods of heating are 
given.1) In every case the velocity of flow of the gas is of decisive 
importance; the highest values for this velocity, combined with a 
greater angle of the gas jet, are given in the furnace heated with 
coke-oven gas, this being necessary to compensate for the low 
kinetic energy of flow resulting from the low density of coke- 
oven gas by comparison with mixed gas and producer gas. It 


Tasie VII.—Data for Burners of Open-Hearth Furnaces Variously 


Heated. 
Producer-Gas Mixed-Gas Coke-oven 
| Furnaces. Furnaces. Gas Furnaces. 
| 
; | | , : a 
Length of Hearth: | <6m. |6-9m.|/>9m./ 6-9 m. | >9m, |6-9m./>9m. 
a. | & | oa |da i] e f oe | & | 


1. Velocity of gas: | 
Reduced to 0°C. and 760 
mm. pressure. M. per 
sec. . . . . 
Operating condition at 
burner. M. per sec. 
Velocity of air (reduced to 
N.T.P.). M. per sec. 
Actual, m, per sec. 
}. Gas port angle, a. 
4, Air port angle, B . 


5. Thickness of batfie. Cm. 





is noticeable how the velocity of the gas increases with the size 
of furnace. The difference between producer-gas and mixed-gas 
furnaces appears in a higher discharge velocity of the air from the 
burner, and the purpose of the corresponding narrowness of the 
air cross-section in the burner is to reduce the amount of waste 
gases passing into the air chamber, to the advantage of the gas 
chamber, and to ensure that the flame shall be properly directed 
over the bath despite the relatively low density of the mixed 
gas by comparison with the producer gas (see Table I., line 6). 
The first of these requirements is assured by special valves 
built into the air-reversing mains, so that, provided that the 
draught of the chimney is sufficient, the luminosity of the flames 
can be kept under control. It is worth noting how adaptable this 
makes the control of the combustion of coke-oven gas to meet 
small changes in the angle and velocity of flow of the gas and the 
air. Details of the burner are still in course of development. 

The importance of the adequacy of the chimney draught to 








120 Pp WESEMANN : THE FIRING OF OPEN-HEARTH 


overcome the resistance offered to the gas flow and to ensure with- 
drawal of the waste gases, makes it vital that the chimney dimen- 
sions should be correctly chosen. The’ draught required depends 
both on the quantity of the waste gases and on the heat consump- 
tion of the furnace per hour. The height and average cross-section 
of the chimney to suit each method of heating are indicated diagram- 
matically in Fig. 5. Here, however, no account is taken of the fact 
that the draught of a chimney, whatever its dimensions, increases 
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in proportion as the resistance offered to the flow of the waste gases 
decreases. From this point of view heating by coke-oven gas is 
seen to be a particularly favourable method, because the burners 
have to impart only a relatively low velocity to the air required for 
combustion (see Table VII.), and may, therefore, be generously 
dimensioned, whereas otherwise it is precisely in the gas burners 
that the smallest cross-section is presented to the waste gases. 
Consequently, there is an increasing tendency towards a reduction 
in the resistance conditions offered by the next smallest cross- 


’ 
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section occurring in the path of the waste gases, namely, at the 
reversing devices, and the old types of Forter valve and stop valve, 
which were frequently too narrow, are tending to be replaced by 
reversing slide valves. 

The considerations which have now been advanced will serve 
to indicate how intimately the dimensions of the open-hearth 
furnace are bound up with the heat consumption per hour. Both 
the regenerator heating surface and the dimensions of the chimney 
are directly dependent on this quantity, and in an ultimate analysis 
the typical values put forward for the inlet velocity of the gas and 
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Fic. 6.—Heat Requirements in open-hearth furnaces. 


air in the burner must be regarded simply as an approximate 
correlation of the burner cross-section with the heat supply to 
the furnace. It becomes feasible, therefore, to make use of the 
figure for heat consumption per hour in an open-hearth furnace as 
a fundamental index for its constructional and operating character- 
istics. The relationship between heat consumption and output 
per hour is not in itself adequate, being subject to large deviations 
arising from metallurgical conditions reflected in very varying 
figures for heat consumption per ton of steel. Another relationship 
found to be of general validity is the ratio of the weight of charge 
in the furnace (expressed in terms of the quantity of raw steel per 
heat) to the heat consumption of the furnace per charge (which in 
nearly all cases corresponds with the capacity of the furnace). 
In Fig. 6, this relationship is indicated diagrammaticallyffor all the 
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methods of heating referred to here, embodying the results of a 
series of exhaustive enquiries among German steelworks. The 
dotted line has reference to heating with producer gas and Dreigas, 
the full line refers to mixed gas, and the dashed line to coke- 
oven gas with or without carburetting, due account being taken of 
the heat content of the carburetting material. The relatively small 
scattering of the values will be noticed, and also the fact that the 
heat inputs in the case of producer gas, Dreigas, and coke-oven gas 
come close together, whereas the corresponding quantity for mixed- 
gas operation is much smaller. This indicates the effect of the tend- 
ency towards the admission of more waste gases to the gas chamber 
of the mixed-gas furnace, which, in comparison with producer-gas 
and, particularly, coke-oven-gas operation, must be effected by 
additional throttling in the cross-section of the air stream to the 
burner and in the air-reversing mains; this, as is seen from Fig. 5, 
with practically the same chimney dimensions for the various 
fuels, results in a reduction of the amount of waste gas to be with- 
drawn, and, consequently, of the amount of fuel gas and heat 
supplied to the furnace. The output is not reduced by comparison 
with that of open-hearth furnaces of equal size heated with other 
fuels, because the better recovery of heat, resulting from the con- 
siderably larger heating surfaces in the regenerators and the corre- 
ponding saving in heating gas per ton of steel in the mixed-gas 
furnace, compensates for any loss which might otherwise occur. 
The great practical importance of this fact has repeatedly been 
shown in the critical examination of badly operating open-hearth 
furnaces, for it could be shown, in every case, that the low output 
of such furnaces corresponded with a smaller heat input than was 
implied by the typical indications of the diagram for the furnace 
in question. With the exception of the pig-and-ore process, which 
is little used and, consequently, has not been covered by the in- 
vestigations, it was frequently confirmed, and found to be very 
valuable, that the characteristic curves are independent of the 
respective metallurgical operations, and with a view to completeness of 
the comparisons, the heat consumption per hour of various American 
open-hearth furnaces has been included in Fig. 6, based upon the 
figures published by Buell.2” The reason for the lower heat 
consumption of these furnaces is probably connected with the 
wide development in America of the pig-and-ore process, entailing 
exothermic reactions which tend to “ throttle ’’ the heating. 

No attempt has been made to determine the heat consumption 
per ton of steel, as this quantity is strongly affected by local details 
of the procedure followed with the furnace. Moreover, this quan- 
tity can easily be ascertained by dividing the heat consumption 
per hour by the output of steel per hour, as shown in Fig. 7, which 
will be explained below. It may be remarked that it is the mixed- 
gas furnaces that show the lowest heat consumption per ton of 
raw steel, as measured by the chemical and sensible heat of the 
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fuel gas at the valve; furnaces heated with coke-oven gas and with 
producer gas follow in that order. 


(4) Further Data regarding Open-Hearth Furnaces with Various 
Methods of Heating. 


To enable proper comparisons between various large open- 
hearth furnaces equipped with different methods of heating to be 
made, it it desirable that the output per hour should be expressible 
by some convenient figure similar to that for the heat consumption 
per hour. Hitherto, what is known as the output per unit area of 
hearth has been taken as an index, although it is open to criticism 
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Fic. 7.—Output of Various Open-Hearth Furnaces. 


on the ground of the difficulty of defining and measuring this area. 
Different furnaces, having the same capacity and giving the same 
output per hour, may give quite different values for this index 
according to the depth of the bath—and indeed the index increases 
regularly with that depth, without such increase implying any 
improvement in the operation of the furnace. In view of this, 
Fig. 7 has been prepared for the purpose of showing the output per 
hour in relation to the weight of charge obtained by different 
processes (with the exception of the pig-and-ore process) and with 
different methods of heating. The close approximation between 
the respective points plotted from each process, and, particularly, 
from the pig-and-scrap process, indicates that, as regards the 
output of the furnace, there is no difference between the various 
methods of heating. Nor need this result occasion surprise when it 
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is remembered that ultimately the output of a furnace is governed 
by the luminosity of the flame, and the temperature prevailing in 
the furnace hearth, the limiting values of which are attainable 
with any of the fuels in question. Fig. 7 also indicates that still 
greater outputs can be attained only by the development of suit- 
able metallurgical processes. Fig. 7 further indicates that the 
outputs obtained from several very large American furnaces are 
relatively low, probably for the reasons explained above. 

Finally, the combination of Figs. 6 and 7 provides a simple 
means of ascertaining the necessary heat consumption in kilo- 
calories per ton of steel, in accordance with the size of furnace, 
the process used, and the method of heating. The relation between 
the capacity and the hearth areas of open-hearth furnaces, as 
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indicated in Fig. 8, must be briefly mentioned, as forming both 
the starting point and the end point for a factor of exceptional 
importance—the dimensions of the upper portion of the furnace. 
Whereas in the case of producer-gas, Dreigas, and coke-oven-gas 
operation the curves indicating the relationship between the hearth 
area and the weight of charge lie close together, it will be noticed 
that in the case of mixed-gas furnaces the hearth area is made very 
much smaller. This circumstance, once again, is attributable to 
the conditions under which the various methods of heating first 
began to develop in the Ruhr and Saar regions—that is to say, their 
development was conditioned by the need for incorporating larger 
or smaller proportions of pig iron in open-hearth operation. The 
metallurgical conditions of melting with a large charge of pig iron 
and with corresponding additions of ore, necessitate a considerable 
depth of the bath, and, therefore, imply relatively small hearth 


areas. 

















FURNACES IN GERMAN STEELWORKS. 


SUMMARY. 


The situation in regard to the conservation of fuel which faced 
the German metallurgical works in the years following the war led 
to an extension of the fuel basis of open-hearth steelworks in the 
direction of brown-coal-briquette gas, mixed-gas, and pure coke- 
oven gas. The utility of the various fuels may be expressed in 
terms of their combustion temperatures, the luminosity of the 
flames produced, and the input of heat into the furnace. With 
the aid of preheated gas and air, these fuels are adequate to meet 
the requirements so far as the temperature of combustion is con- 
cerned, but in order to ensure a high output and good boiling, it 
is necessary also that the luminosity of the flames should be adequate, 
and this in turn implies either certain limits as to the preheating 
of the gas, or else the artificial addition of “‘ carriers ”’ of luminosity. 
In the case of preducer gas, the necessary carbon to ensure lumin- 
osity of the flames is precipitated out of the tar present in the gas 
at temperatures of 900-1000° C., whereas with mixed-gas operation 
a temperature of 1100—1250° C. is necessary to bring about decom- 
position of the heavy hydrocarbons and the methane. Either 
process can be rendered more or less ineffective by the water-gas 
reaction, and this makes it necessary to ensure that the moisture 
content in the gases is kept low. In the case of mixed-gas furnaces, 
the greater preheating capacity of the gas regenerator makes it 
necessary considerably to increase the heating area of the checker- 
work therein, and similarly of that in the air regenerator, in view 
of the large amount of waste gases passing through it. Since 
frequently the amount of carbon precipitated from cold coke-oven 
gas by thermal decomposition is not sufficient, brown-coal dust, 
crude tar or tar-oil are injected. 

The heat input of the open-hearth furnace is governed by the 
character of the combustion process within the furnace and by 
the draught of the chimney. The combustion, in turn, is strongly 
influenced by the angle of the burner and the velocity through the 
latter, and suitable values for these factors have been worked out 
for each kind of fuel. The draught of the chimney depends on its 
height and cross-section, which may be related to the heat supply 
per hour, whatever the nature of the fuel used. The smaller the 
resistance offered to the flow of gas, for given chimney dimensions, 
the greater will be the amount of waste gas withdrawn. From 
this point of view the furnace heated by coke-oven gas is the one 
that offers the greatest advantage, followed in order by the producer- 
gas furnace and by the mixed-gas furnace. If the input of heat 
is related to the size of the furnace independently of the metallur- 
gical details of the process, furnaces heated with coke-oven gas and 
with producer gas are found to be approximately equal, while those 
heated with mixed gas come much lower. The characteristics of the 
operation of a furnace, examined from a_ thermo-technological 
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point of view, are again reflected in the amount of heat throughput 
expressed in relation to the size of the furnace. 

In a similar way, the output per hour may be expressed in 
terms of the size of the furnace, a method of statement which has 
great advantages over the “hearth area output” index. No 
influence of the method of heating on the output of the furnace is 
disclosed. 

The area of the hearth, which determines the design of an open- 
hearth furnace, is also closely related to the capacity of the furnace ; 
the curves representing this relationship in the case of furnaces 
fired with producer gas and with coke-oven gas come close together, 
but in mixed-gas furnaces the hearth areas are smaller for the same 
size of furnace, and the depth of the bath is, therefore, greater, 
which circumstance is to be explained by the use of larger quantities 
of pig iron and ore in that type of furnace. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf, on Monday, September 21, 1936. 


Mr. A. Roptnson (Scunthorpe, Lincolnshire) said the informa- 
tion given in the author’s paper was authoritative, and was an 
extremely interesting description of the present position and know- 
ledge of the gas-firing technique of the open-hearth furnace in his 
own country, not the least interesting point which the author 
stressed being the great advantage and practical necessity for the 
use of a luminous flame for the efficient heating of the charge. 

In reading the paper one was surprised by the small number 
of works—seven out of fifty—which were now using mixed coke- 
oven and blast-furnace gas alone. It would be of interest if the 
author could give the reason for this. Was it because of any 
difficulty in its use, such as the high temperature of regeneration, 
or was it because of the superior efficiency that was possible by the 
use of Dreigas or carburetted coke-oven gas? Personally, he could 
not think that it was a matter of the relative cost of the gas, which 
in the case of coke-oven gas must be fairly high. Of recent years 
in England the tendency had been to extend the use of coke-oven 
gas, either as a “ booster’ for producer gas or in admixture with 
blast-furnace gas, and one firm at least was using coke-oven gas 
and tar, but the great majority were still using producer gas. 

It was shown that in furnaces using mixed gas the calorific 
value of this gas was appreciably higher than that of the producer 
gas displaced. He would like to ask whether the reason for this 
was simply a matter of convenience, due to shortage of blast- 
furnace gas, or whether it was because the mixed gases lost some 
of their heating value during preheating in the checker chambers, 
owing to the formation of the required carbon to give luminosity 
to the flame, and whether the addition of sufficient producer gas 
to give or help to give that required luminosity enabled the gas 
checkers to be run at such a lower temperature that would conserve 
to a large extent the original heating value of the coke-oven gas in 
the mixture? This might be a point of considerable importance 
when attempting to heat a tilting furnace with mixed gas. Alterna- 
tively, was there a loss of heating value in the furnace hearth 
caused by the necessity of having hotter waste gases in order to 
preheat the incoming gas and air to a higher temperature ? 

During the cracking of the mixed gases in the checker chambers, 
to what extent was the carbon formed deposited on the brickwork, 
with consequent loss? Did the deposit, if formed, ever cause any 
obstruction in the regenerators or depreciation of efficiency ? 

It would be interesting to know whether experience had shown 
the use of a mixture of different calorific power—say 1700 or 2800 
calories—to be unfavourable to the efficient working of the furnace. 
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In using Dreigas there appeared to be a considerable danger of 
losing tar from the producer gas by condensation when mixing with 
the cold mixed gases. This condensation was capable of causing 
much difficulty at the furnace valves, and it would be of interest 
to know whether this had been overcome, and in what manner. 

In discussing the question of the heating power of luminous 
flames, whilst acknowledging that for many reasons they might be 
desirable, there was some doubt whether a high degree of luminosity 
was necessary. Some steelmakers had used a large proportion of 
coke in their gas producers in time of coai shortage with not un- 
reasonable results, the charge melting very rapidly, and most 
furnace workers would have had experience with a furnace with 
very short blocks owing to wear, or a furnace in which some mixing 
was taking place in the uptakes, which had worked with a much 
less luminous flame than usual, but which had worked very hot 
and melted the charge very quickly. 

The problem of giving some relief to the roof and linings of the 
furnace from a less luminous flame could probably be solved to a 
large extent by the design and angles of pitch of the ports together 
with control of the draught. The exact reason for this quicker 
transfer of heat to the charge and not to the furnace structure by 
a more luminous flame was somewhat obscure, and information 
from the author on this point would be welcome. 

The average figures given in Table V. for the heating surface 
of checker might be subject to modification by the method of 
checker filling. For the high temperatures required with mixed 
gas it was better to have a checker with a very high temperature 
in the top courses and with a very steep gradient below, rather 
than to have the checkers heated to a more even gradient with a 
lower maximum, both checkers having an equal heating surface. 

The very favourable figures shown in Table VI., giving the 
heat saving in the waste gases by the use of mixed gas instead of 
producer gas, were rather astonishing, and it would be interesting 
to know whether those figures were obtained in actual practice. 
At first sight a large saving seemed inevitable, but, on account of 
the higher checker temperatures required and the minimum tem- 
perature of the waste gases required to work the chimney efficiently, 
the theoretical saving was not always effected in practice. 

In changing over from producer gas to mixed gas it was sug- 
gested that the gas chambers should receive a much greater pro- 
portion of the waste gases, whilst the amount of air to be heated 
for combustion was of the same order in both cases. Which was 
the more advantageous method of doing this, to make a smaller 
air port or to throttle the air waste-gas flue, a higher chimney 
draught being required in either case ? 

The data given in Table VII. lacked one thing—the height of 
the gas port bottom above the slag line. Obviously this differed 
considerably in furnaces melting principally scrap and those using 
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a high proportion of molten iron. The angle of the ports must 
have some relation to this in order to obtain efficient heating. 
Typical dimensions of checkers had been given in Tables V. and 
VI., and the sizes of the ports would round off the information. 

In comparing Figs. 6, 7 and 8, it was presumed that the German 
furnaces shown were using very similar quantities of scrap in the 
charge, and the ratio of bath depth to bath area was fairly constant. 
A large difference in the process, the proportion of scrap and the 
type of pig iron must make a considerable difference to the results 
obtained. 

In conclusion he would like to thank the author for a most 
interesting and informative contribution, and one on which a con- 
siderable amount of time and thought must have been spent. It 
gave much food for thought to the man who controlled steel 
furnaces. 


Mr. J. B. R. BRooKE (Scunthorpe, Lincolnshire) said he had been 
interested to note the stress laid by the author on the necessity of 
obtaining as high a luminosity in the flame as possible. This was 
particularly important in Germany, because of the extensive use 
of pure coke-oven gas in recent years. That it was possible to 
work open-hearth furnaces successfully with a non-luminous flame— 
a fact that the author’s stress on the importance of flame luminosity 
would tend to ignore—was, however, shown by the fact that in one 
of the large steelworks in Canada several furnaces were being 
worked with blast-furnace and coke-oven gas, the mixture being 
approximately in the ratio 50 : 50, without regeneration and with- 
out the addition of any means of making the flame luminous, and 
the only luminosity was that obtained by the flame by its own 
heat towards the end of its career from the furnace. As stated by 
the author, the main advantage of working with an unregenerated 
flame was the simplification of the furnace design, coupled with the 
ability to use a simple type of water-cooled burner which would 
maintain the direction of the flame throughout the furnace cam- 
paign. The latter advantage probably explained the comparatively 
successful results obtained with the non-luminous flame mentioned 
-arlier. 

The author described how both flame direction and luminosity 
were obtained when using coke-oven gas only. Personally he 
agreed that, whilst flame direction was probably the most important 
factor, luminosity was almost equally important. In that con- 
nection, it might be of interest to outline briefly the steps which 
had been taken at the Normanby Park works of Messrs. John 
Lysaght, Ltd., to obtain both flame direction and luminosity when 
using a mixture of blast-furnace and coke-oven gas in the propor- 
tions of approximately 5:2. The furnaces concerned were of 60 
tons capacity, three being of Terni design and five of conventional 
design, all without water-cooled ports. When producer gas was 
1936—ii K 
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replaced by mixed gas, the gas port areas were reduced and dampers 

were placed in the air flues on the way to the chimney. The neces- 

sary preheat was obtained by lowering the air flue damper and 

consequently drawing a larger proportion of the waste gases through 

the gas regenerators than their comparative free cross-sectional 

areas would warrant. This naturally meant that a larger propor- 
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tion of the destructive waste gases had to be pulled through the 
un-water-cooled gas port, with a consequent detrimental effect on 
the latter. It was true that other factors—the lower quantity of 
infiltrated air drawn in through the gas regenerator chambers than 
through the air chambers and the greater controllability of mixed 
gas versus producer gas—neutralised this defect, with the conse- 
quence that even better results were obtained under the latter 
conditions. 
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However, attempts were made to prolong the life of the gas 
port, on which the maintenance of flame direction depended, at the 
expense of the air port. This was done by by-passing a certain 
quantity of the waste gases destined to enter the gas regenerators 
from the air port into the gas downtake. When the gas flow was 
reversed, the by-pass between the air port and gas downtake was 
closed by means of a hydraulically-operated horizontal water- 
cooled sliding damper, worked by the same lever as that which 
operated the gas reversing valve, thus ensuring that it closed at 
the same time as the gas reversal took place. The three main 
effects of this by-pass were : 

(1) A smaller gas port area could be used, thus increasing the gas 
velocity entering the furnace. Better flame direction was thereby 
obtained, with a consequent improvement in the heat transmission to 
the bath. 

(2) The air flue damper could be appreciably raised while still main- 
taining the gas regenerator temperatures, thus allowing a reduced total 
suction on the waste-heat boiler. 

(3) The gas port maintained its shape longer, while the luminosity 
of the flame was not impaired. 


A sketch of the layout of the damper and by-pass was shown in 
Fig. A. 

The advantages outlined above, however, were not of sufficient 
merit to justify the staff in being satisfied with the design. In 
particular, the flame direction was not good enough after about 
200 heats to avoid the roof being “‘ caught ” along the pit side. A 
completely new type of damper was now being experimented with, 
which embodied entirely new features. It was hoped that sufficient 
experience would have been obtained with this to enable the results 
to be communicated to the meeting of the Institute in London next 
spring. 

The speaker wished to thank the author for an extremely 
interesting paper, and in particular for the very valuable informa- 
tion given with reference to the use of brown-coal dust, tar, &c., 
for increasing the luminosity of unregenerated coke-oven gas. It 
was not impossible that the advantages in furnace construction 
made feasible by the use of unregenerated gas might justify the 
discontinuance of regeneration in the case of mixed gas, in which 
case the value of these alternative methods of obtaining luminosity 
need not be further stressed. In the meantime it would appear 
that there was ample scope for improvement in open-hearth furnace 
design in the case of mixed-gas-fired furnaces. 


CORRESPONDENCE. 


Mr. G. A. V. Russext (Birmingham) wrote that he had read 
Dr. Wesemann’s able paper with great interest. The well presented 
data contained in it would be valuable to all concerned in the 
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improvement of open-hearth furnace operations. He had not 
realised before how many open-hearth works in Germany were 
now employing coke-oven gas exclusively in their open-hearth 
plants, and he was under the impression that mixed-gas firing 
had made much more headway than the author’s figures showed 
to be the case. Perhaps Dr. Wesemann could state what pro- 
portion of the German plants employing pure coke-oven gas were 
associated with blast-furnaces, as it was possible that the present 
extended availability of coke-oven gas through the development 
of long distance coke-oven gas distribution systems has caused 
several steel works not associated with blast-furnaces to adopt 
coke-oven gas as their open-hearth fuel in lieu of producer gas. 

The extensive employment of Dreigas firing revealed by the 
author’s figures was most illuminating, and the indications were 
that this combination of fuels possessed many advantages in works 
operations. 

The varying heat recovery requirements in the regenerators of 
open-hearth furnaces fired with the different fuels were clearly 
brought out in the paper. Amongst the means of assuring a 
correct distribution of the waste gases to the gas and air chambers 
in furnaces fired with mixed gas, no mention was made of damper 
control to adjust the effective cross-sectional areas at the down- 
takes on the leaving side, so it would appear that this method had 
not been experimented with in Germany, whereas in the United 
States and Canada some attention had been given to it, with, it was 
understood, promising results. Any information that the author 
could give on this matter would be of interest. 





AUTHOR’S REPLY. 


Dr. WESEMANN, in reply, wished to thank the speakers for the 
kind and understanding nature of their criticism, and congratulated 
himself that so many questions had been raised which were of 
notable practical importance in regard to the heating of open-hearth 
furnaces, but to which it had only been possible to make a passing 
reference in the paper itself. . 

There could be no doubt that the control of the flame—that was, 
its outlet velocity and the angle of inclination of the gas and air ports, 
the thickness of the tongue and the vertical distance between the 
bottom of the gas burner and the surface of the bath—were matters 
the importance of which was comparable with that of the luminosity 
of the flame. Indeed, experience with furnaces heated by coke- 
oven gas, showed the importance of bearing both these sets of 
considerations in mind if high output was to be combined with long 
furnace life. The determination of the effect of luminosity was 
made more difficult by the fact that no exact quantitative relation- 
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ships between the intensity of luminosity and the furnace output 
were yet available, and this was a field in which a great deal of 
scientific research on the working conditions of open-hearth furnaces 
needed to be done. It would appear from experience that variations 
in the luminosity when this was at a low level exercised a greater 
influence on the working results of the furnace than was the case 
when the luminosity was higher. Moreover, as was shown by the 
example of the furnace heated with cold coke-oven gas, the attain- 
ment of a luminous flame was in no way solely dependent on the 
precipitation of carbon owing to the decomposition of methane; 
rather, the fuel gas should carry with it a sufficient quantity of 
hydrocarbons, however this might be attained, in order to ensure 
that sufficient carbon could be liberated and made luminous. It 
was a matter of indifference whether this was accomplished by 
heating or by thermal decomposition of the burning gases. For 
instance, if the coke-oven gas contained notable quantities of 
benzole and naphthalene, a circumstance depending on the perfec- 
tion of the scrubbing process in the by-product plant attached to 
the coke-ovens, then it was conceivable that a luminous flame might 
be attained by the mere addition of blast-furnace gas without 
preheating. Under German conditions, however, attended by very 
complete scrubbing of the coke-oven gas, it was scarcely to be 
expected that this would occur. 

The high heat-transfer capacity, which was characteristic 
of a luminous flame, became effective mainly after charging, 
that was, at the time when the heat requirement of the furnace 
was ata maximum. This depended in turn on the quantity and the 
temperature of the pig iron (whether solid or molten charges were 
used), and was shortest in the pig-iron/ore process, utilising a large 
proportion of molten pig. Further, the rate at which the charge 
was heated and melted depended not only on the rate of heat 
transfer, but also on the average thermal conductivity of the 
charge and on the relationship between its effective surface area 
available for heat transfer and its weight. From this point of 
view the most favourable material was medium-heavy scrap, 
whereas very thick pieces of scrap, such as crop ends and skulls 
were less favourable, and the least effective material in this respect 
was pressed scrap such as compressed sheet and turnings, wherein 
inert insulating layers of air existed, giving an even lower thermal 
conductivity than that of refractory brickwork. It followed that 
for any given degree of luminosity of the flame the melting 
efficiency must vary according to the metallurgical process followed 
and according to the outward form of the charge, that was, the scrap, 
or, inversely, the value of flame luminosity might be interpreted 
differently. During the boil and finishing stage the advantage 
of flame luminosity consisted mainly in the fact that it enabled the 
bath to be heated more strongly at a temperature close below the 
softening point of the roof than was possible when the flame was not 
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luminous and when, therefore, the heat had to be transferred mainly 
by reflection from the roof into the bath. 

The proportion of coke-oven gas in the mixed gas, and thus the 
calorific value of the mixed gas, must be high enough to ensure the 
presence of a sufficient quantity of heavy hydrocarbons and methane 
to make available the necessary amount of carbon. The less the 
preheating of the gas, the higher must be the calorific value of the 
mixed gas. The minimum for the lower calorific value under 
German conditions was approximately 2,000 k.cal. per cu. m. at 
N.T.P. If the burner and the regenerator heating surface were 
correctly dimensioned, no connection could be established between 
the calorific value of the mixed gas and the output and heat 
requirement of the mixed-gas-fired furnace. The great excess of 
the regenerator heating area in comparison with the producer- 
gas-fired furnace according to Table V. was a sufficient explanation of 
the notably lower heat consumption of the mixed-gas-fired furnace 
per ton of steel. 

In regard to further points raised by speakers Dr. Wesemann 
wished to make the following remarks. 

In order to increase the heating of the gas chamber in the mixed- 
gas-fired furnace it was usual to combine both the methods 
mentioned in the paper, namely, the reduction of the air cross- 
section in the burner and the throttling of the burnt gases in the 
air reversing flues. In German steelworks the criterion applied 
to the effectiveness of this throttling was, generally, the relation 
between the degree of preheating of the gas and air in the chambers 
on the one hand and the draught in the reversing flues behind the 
chambers on the other hand, these variables being adjusted 
continuously or at regular intervals in accordance with the 
indications of measuring or recording instruments. 

The precipitation of carbon in the checkerwork—a phenomenon 
which also occurred with producer-gas heating—was confined 
within limits such that it had no harmful effects; choking of the 
checkerwork was not observed. 

The cooling of the producer gas in Dreigas operation presented 
difficulties only when very bituminous coals were being gasified, 
owing to the precipitation of tar, and these troubles could be over- 
come by admitting the mixed gas immediately in front of the gas 
reversing valve, and by working the gas producer at a somewhat 
higher temperature, according to circumstances. The figures for 
output and heat requirements indicated in the diagrams were based 
entirely on practical operating results and not on experimental 
heats. The proportion of scrap used in German steelworks in the 
pig-iron/scrap process was somewhere between 55% and*85°%, and 
in the duplex process between 0% and 20%, of the charge. 

Finally Dr. Wesemann would refer any readers who might wish 
to go into further details to the bibliographical references given in 
the paper, which would supply them with ample additional material. 
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PRESENT-DAY PROBLEMS OF THE 
ROLLING MILL INDUSTRY:.! 


By ALBERT NOLL (Getswerip, Sirgen, GERMANY). 


SYNOPSIS. 

Development of the small-section and rod rolling mills.—Strip 
rolling mills.—-Rolling mills for wide strip.—-Improvement of the 
working of old sheet-rolling mills.——Production of very wide and 
heavy sheet.—Tube production.—Summary. 


Tue industrial application of continual innovations within a 
particular technical field necessarily poses problems in related 
fields, which result in a constant increase in the number of problems 
besetting the technical expert. The generous stimulus which is 
initiated by pure science, for instance, in the realm of mechanical 
and electrical engineering production constantly sets the machine- 
building industry fresh tasks, to the solution of which the steel in- 
dustry must contribute to a considerable degree in consequence of 
its wide field of application. 

The rolling-mill experts find themselves in that section of the 
operating field in which the metallurgist passes the cast metal on 
for the first step of its working, and we may, therefore, deal here 
with some problems of the rolling-mill industry which are just 
now on the point of being solved. It is not difficult to find suitable 
examples in the wealth of innovations within this industry, which 
is the direct recipient of constant new demands and intensified 
requirements from the constructional and machine-building plants, 
where the many properties of the alloys set a limit to the plastic 
deformability, and in which the inexorable economic management 
requires as far-reaching a mechanisation as possible. One can 
start out from the problems posed by the constructors which, for 
instance, lead to gigantic dimensions of the rolling-mill products, 
from the methods for the mass production of light rolled products, 
or from precision rolling or the improvement of the properties of 
the metal, but in each case the deliberations of the cost statistician 
will become troubled, or, perhaps more accurately, inspired. It 
may therefore be emphasised as noteworthy that in the realm of 
the rolling mill, even more than in the related fields of the steel 
industry, it has been chiefly practical observation which has led the 
way in the solution of the problems besetting the rolling-mill 
expert, the explanation and confirmation being only subsequently 


1 Received August 5, 1936. 
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provided by the theorists. Attention must, however, also be 
drawn to the fact that this development could only be influenced 
decisively when the data had been completely sifted in the fine mill 
of science and had thus been given their official shape. As it is not 
possible to provide an exhaustive cross-section through the entire 
German rolling-mill industry, we shall here content ourselves with 
a number of cursory glimpses of the wealth of present-day problems. 


I. THE DEVELOPMENT OF SMALL-SECTION AND Rop-ROLLING 
PLANTS. 


In the complex field of small-section rolling, in which many 
innovations have been produced during the last few years, we 
shall concentrate on the .development of the entire installation 
to the exclusion, as far as possible, of questions of detail. The 
requirements of these plants with regard to their rolling programmes, 
outputs, initial cross-sections, &c., are so varied and manifold that 
widely differing plants have developed in accordance with the different 
demands. 

Fig. 1 shows a rolling mill which, from ingots of from 185 mm. 
square to 165 mm. square and a weight of 240 kg., produces direct, 
round and square rods 5 to 10 mm. in dia., packing hoop iron from 
10 to 22 mm. wide and 1 mm. thick (on the rod mill), steel bars 
8 to 25 mm. round and square, strip steel 12 to 60 mm. wide and 
1 to 15 mm. thick, angles of 15 to 40 mm. side, and billets of 
70 x 70 mm., with an output of 200 tons in 8 hr. 

In accordance with these requirements, the installation of the 
finishing roll trains had to be planned in such a way that rolling 
could take place either on one or on the other, or also on both 
simultaneously. Especially, in order to finish-roll the wire from the 
thick cross-section directly, a roughing train of rolls with consecutive 
stands had to be chosen, of which the first two act independently 
of each other as single stands, while the last four act together con- 
tinuously. The semi-finished product leaving this roughing train 
is cropped on two shears and sub-divided, and can then be trans- 
ported via a conveyor to the loading point or be further rolled in 
the large adjoining mills. The rolling trains following the roughing 
mill also consist of two finishing groups, which are arranged with 
respect to each other in such a way, that a common second con- 
tinuous six-stand intermediate rolling mill provides both groups 
with material for rolling. The first of the finishing groups with 
side-by-side rolls serves for the production of the required small- 
section rolling programme, while the second serves for the rolling 
of rods and packing hoop iron. The material coming from the 
intermediate mill passes, in the case of small cross-sections, via 
a repeater into the first stand of the small section train; in the 
case of larger cross-sections the rod passes out and is placed in front 
of the first stand by means of conveyor rollers. In accordance 


THUA Surypoy uoroeg [jeug—'| 


‘OL 


















































i 7224 Pot JPLID' 
JadSOYIYOIG -JadtO) U 
atv. berysiry 
assDsjsbijsry Ul 
spot jojf puo punos sof 1374 
aqnjsysn) 4 pun-puny inf jadsopy 7 
sjauun, doo7 
7] aouoyuabuyyro ¥ 
UID) AJOIPIUAI}U| 
ISSDIJSUIYISINZ 1 


spor do19s tof jaay 
padsoyzjo1Ig 6 
$7109 pos sof S10h3AU02 
72pUungsad P1of DUNGIUYOLG 
paq buyooz 
II9G/ YNY O 

















eet «Se. | 
\ : = ) pomiereere)  Y 
a Gos 2. >) SS Se es Se 
=) : es mtn z0 
> : us 6 Lik? NY 
u ae all 
yua buyjos u0iz2as- poulS aera are eee ee 
ISEDIISI|YDISUII/ 4 L— — - 
urna benybnos snonurjUuodz 
assoysdy, aynnazinuruoy 6 
221aIp 47fSUDL] JINNIG 1IYSNG 
bunjynitoasapsoy -jaddnuy f Sun yMIOAIGIYISYy I 
wo burybnos snonurju0)07 urna bunybnos snonurjuo)d7 
PSSDAJSAYA AYU APINUIZUOY A ISSOAJSMYJ PYIYAPNUIUOW Q 
spot d0.19S 10f JPY saoou.nf absoyrsip snonurjuo0) 
jadsoyij}0.1yIo P UAOSSOISYIING DO 





138 P NOLL : PRESENT-DAY PROBLEMS 


with the varied rolling programme of this small-section group, 
there lies behind the train a mechanical cooling bed with a length 
of approximately 70 m., and having a rotary shears as well as the 
requisite conveyor machinery. The second finishing group for 
rods and packing hoop iron is sub-divided into a continuous train 
and the usual rolling trains, in which, as usual, the rods are returned 
on the oval side by catchers, and on the square side by automatic 
repeaters. The coiling takes place on Garret reels, and the rolled 
material is carried to stock by belt conveyors. 

The rolling mill is arranged in such a way that all the installations 
can be operated simultaneously when the roughing train is working 
at capacity. Special attention should be drawn to the direct rolling 
of ingots on a continuous rolling train, which becomes necessary 
in order to meet all requirements. 

The following example, shown in Fig. 2 (Plate X XI.), illustrates 
how a very varied rolling programme was mastered in another 
case. It was essential to produce rods 5 mm. in dia. in bundles 
of not more than 135 kg., rods of 6 to 30 mm. round and square, 
strip steel and tube strip 50 to 200 mm. wide, while there was a 
further condition that the rolling should be mechanised as far as 
possible, and that the hourly production should be 21 tons. The 
first-pass material was pre-rolled billets, 100 x 100 mm. for wire, and 
70 x 70 mm. and 90 x 90 mm. and blooms 130 to 210 mm. in 
width by 50 mm. in thickness for strip steel and tube strip, their 
length being 1-8 m. The two gas-fired gravity-discharge furnaces, 
with an hourly production each of 12 tons, served the three-stand 
450 mm. three-high roughing mill train, which was completely 
mechanised by means of a roll table with edge box in front of the first 
stand, and a tilting table with built-in adjusting device behind the 
above-mentioned stand, as well as by means of repeaters from the 
first to the second and from the second to the third stands. 

In order to improve the quality of the strip steel and tube strip, 
a two-high stand with horizontal rolls is arranged in front of the 
roughing train for the purpose of de-scaling the blooms coming 
from the furnace. For rod and bar rolling, the oval sections from 
the double-duo train and the small-section finishing train are again 
returned by catchers, while the square sections are automatically 
repeated. Five continuous stands, provided with roller bearings, 
serve for the production of rods. For the purpose of improving 
the cross-section, the rolling speeds are so much increased between 
the double-duo train and the adjacent open-pass finishing train, 
and between the latter and the continuous wire rolling stands, 
that only short loops are formed at these points. 

The 350-mm. double-duo train with four stands and, behind 
them, two continuously operating three-high rolling stands with 
roller bearings, serve for the production of strip steel and tube 
strip 50 to 200 mm. wide. For edging, two stands with 
vertical rolls are built-in in front of the third double-duo stand 
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of which it rolls off on to a stacker, from which several consecutive 
bundles are stacked and loaded by means of a special crane. The 
emerging tube strip is cut into lengths of 4 to 8 m. by means of a 
rotary shears, the speed of which corresponds to the emerging 
rolling speed, and is then automatically stacked in a special device. 
The eccentric cooling bed is in two parts, 80 m. in length, 
and has rotary shears. For the production of rods a four-line 
rolling system was chosen and, in order to ensure a finished product 
which would be, as far as possible, true to dimension, the four roll 
lines were distributed over two groups of the continuous finishing 
train so that two roll lines are included in each group. The several 
pass programmes for 5-mm. rods, 6 to 30-mm. bars, as well as for 
strip steel of 50 x 0-8 mm. and 200 x 1:5 mm., may be seen in 
the diagram. As has thus been shown, a compact rolling plant, 
mechanised as completely as possible, here also meets the require- 
ments of a very varied rolling programme. 

The fact that the purely continuous construction is equally 
warranted is shown by the wire mill illustrated in Fig. 3, which is 
equipped with the latest aids. This mill, which rolls rods 5 to 
10 mm. in dia., and high-carbon steel rods from billets 55 mm. 
square and 9 m. long, which corresponds to a weight of bundles of 
approximately 200 kg., incorporates some remarkable innovations. 
The billets are passed into the furnace by means of a water-cooled 
charging device, and are pushed through the furnace and discharged 
mechanically. In order to operate the six-stand roughing train 
with 4 rods simultaneously in their correct sequence, a special 
control device was developed. Furthermore, special attention 
has been given to the rapid removal of breakdowns in the rolling 
by the provision of compressed-air-operated emergency shears, 
placed in the roughing train. After passing through the roughing 
train, the rods are cropped by means of arotary shears and the cropped 
end is passed into a receptacle below floor level through a controlled 
channel, which latter is so arranged that, in the event of a break- 
down in the rear part of the plant, the rolled material is sub-divided 
into pieces of approximately 1-5 m., which are also caught in the 
receptacle. The first continuous intermediate mill, which is pro- 
vided with roller bearings, is similarly traversed by four roll 
lines, while the possibility of looping is provided in front of the first 
stand of the continuous intermediate train and between the eighth 
and ninth stands of this latter train. The stands of the second and 
third intermediate train are occupied by only 2 lines, while separate 
stands are provided for each line in the case of the four last passes. 
These finishing stands, which are provided with flying rolls, are 
designed as stands with vertical and horizontal rolls, thus making 
possible easy access to the roll fittings and rapid roll changing, 
in view of the fact that the roller bearings do not have to be taken 
out during roll changing. The arrangement of vertical and hori- 
zontal rolls in the finishing stands avoids the sensitive twisting 
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guides and has, as is well known, the advantage that shapes may be 
chosen for the oval cross-sections which ensure a good, clean and 
finished round cross-section. Rapid pass variations are obtained 
by means of a mechanical adjustment of the whole of the roll stands. 
So far as possible, separate drives are provided for this plant. 
While six stands of the roughing train are driven by a common 
motor, a separate motor is provided for each roll in the finishing 
stands, in which connection pinion housings are avoided as far as 
possible and friction rolls are used, the advantages of the latter having 
been recognised by the builders in the course of their long experience. 
The purpose of the loopers, which are provided between the several 
groups of stands, is not to take up large loops; they are merely 
intended to pass the rolled material through the plant without drag. 
Eight reels, which are sub-divided into two groups and which are 
also designed for water-cooled rods, are provided for the coiling 
of the finished wire. It should further be mentioned, that the dis- 
charging speed of the wire from the last stand is 20 m. per sec. and 
that a production of 30 tons per hr. is reached. 

The plant illustrated in Fig. 4 is a special rolling mill for the 
production of round and square bars, 5 mm. in dia. and upwards, 
coiled or straight, and of strips and angles of small dimensions. 
The raw material for this rolling programme consists of pre-rolled 
billets, 100 and 120 mm. square, from which may also be produced 
wire coils weighing 160 kg. in the open-pass mill adjoining the 
continuous roughing and intermediate mills. A further require- 
ment was wire coils weighing 230 kg., for the production of which a 
continuous finishing mill became necessary. Owing to the very 
long loop formation in the finishing mill, it is well known that wire 
coils of only approximately 85 kg. are rolled in wire mills with 
ordinary rolling trains. In the present case, the finishing mill was 
designed in such a way that the speed of each successive stand 
increased in proportion with the decrease in cross-section, so that 
no loops, or only very short loops, are formed. The increase in 
speed is ensured on the oval side by means of increasing roll 
diameters, and on the square side by a greater rate of revolution. 
The finishing mill is further provided with two roughing oval stands 
and two finishing stands, so that, in the case of larger dimensions, 
only one line passes through each of these stands, and in the case 
of smaller dimensions, only two lines. This arrangement permits 
of the provision of the new precision rolling devices, and thus ensures 
a regular finished product of correct dimensions, while it does not 
detract from the total output of the rolling plant. The roughing 
takes place in three consecutive continuous mills, of which the first has 
5, the second 7, and the third 4 stands. Further, behind the third 
mill, a D.C. motor-operated finishing mill, consisting of three groups of 
two stands with roller bearings, is erected for the production of the 
230-kg. wire coils. Also of note are the heating channel, which 
became necessary owing to the slow approach of the material to 
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the continuous train, and the quadruple pendulum shears between 
the first and the second mills, which crop the rods independently 
of each other prior to their entrance into the second mill, and which, 
if necessary, sub-divides them while in motion, or, in the event 
of a breakdown, acts as emergency shears. The cooling-bed 
installation consists of two independent 80-m. long cooling beds, 
each of which is provided with a double approach channel, so 
that two roll lines may arbitrarily be led to the cooling beds 
from each finishing stand and can be sub-divided by rotary shears. 

The arrangement as shown in Fig. 5 and also in Fig. 19 (Plate 
XXII.), which has two independent cooling beds with two channels 
each, was chosen for reasons of reliability of operation. This method 
avoided the construction of a quadruple approach channel, simplified 
the entire crosswise movement, and provided two separate shears 
with bundling and loading installations. Owing to the considerable 
rolling speeds with which present-day and recently constructed 
rolling mills operate, it is difficult to place the rods cut by the rotary 
shears with their ends aligned on the cooling bed. In view of the 
fact that alignment by hand in front of the shear is very time- 
consuming, a directing roller conveyor was built into the directing 
plate between the approach channel and the cooling bed. The 
rollers of this conveyor rotate constantly. When the rod is pushed 
by the combs into the cogs of the rollers, the latter convey the rod 
longitudinally until its point strikes against a stop, which brings the 
rod to rest. As the mechanical cooling beds belong to the most 
important and largest auxiliary installations in the small-section 
rolling mill, it appears advisable to show a few more special con- 
structions. During the last few years these latter have repeatedly 
been the subject of detailed descriptions, which have gone to prove 
that the approach rollers, chiefly, have evolved considerably, which 
was the direct result of the requirement that, when rolling several 
lines each rod should be treated, sub-divided with as little waste as 
possible, and conveyed to the cooling bed individually, 7.e., inde- 
pendently of the other rods. As it has now become possible to fulfil 
the above-mentioned requirements, even for the thinnest material 
5 mm. in dia., the cooling bed has opened up for the pure wire 
rolling mill a new field for straight rod. Besides the cooling beds 
for small-section mills with two to four approach channels, some 
have also been built for wire mills, having up to six channels. 

Fig. 6 shows, for instance, a new construction of this type, 
viz., an approach roller train with three channels, the essential 
characteristics of which are that they drop the rods, without skidding, 
direct from the approach channels on to a carrier, whereby the free 
drop straightens them. A further advantage of this method of 
discharge is that neither end is inclined to be caught up with adjoin- 
ing rods. 

1 Stahl und Eisen, 1828, vol. 48, p. 1878; 1930, vol. 50, pp. 65-70, 99-105; 
1932, vol. 52, pp. 305-309. 
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Fic. 6.—Receiving Live Roller Rack for Three Bars. 


Fig. 7 illustrates the cross-section of a complete cooling bed. 
The rolled material is led, in the usual way, to the discharge rollers 
via combs actuated by cam gears. At the end of the combs between 
the cooling bed proper and the discharge rollers there is a rod 
arranger, which correctly aligns the rods in accordance with the 
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Fic. 7.—Cross-Section through a Complete Cooling Bed. 


width of the discharge rollers, and a further device which ensures 
their passage on to the discharge rollers. The many different 
constructions of mechanical high-capacity cooling beds during 
the last few years provide the best testimony for their expediency, 
mechanical operation and reliability of operation. 
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a short summary of the present-day technical level in the production 
of hot-rolled strip. The production of strip with a width of 15 to 
600 mm. in Europe has been effected by means of three kinds of 
mills, use being made as far as possible of continuous rolling. The 
plant illustrated in Fig. 8 rolls strip from 15 to 80 mm. wide; 
that in Fig. 9 rolls strip from 80 to 250 mm. wide, and the plant 
shown in Fig. 10 rolls strip from 250 to 600 mm. wide. The 
mill illustrated in Fig. 8 consists of a three-high roughing mill 
with two stands, a three-high intermediate mill with four stands, 
and two groups of continuous finishing stands arranged in lines. 
The latter are designed as three-high stands with a thin centre 
roll and a friction-roll drive with roller bearings. The first pass is 
made with billets 50-70 mm. square. As the finishing stands 
work continuously, the strip is still very hot when it reaches the 
reels, so that a very small thickness and the smallest possible 
dimensions are attainable. Reels with vertical winding drums are 
generally used for winding the narrower kinds of strip. In the case 
of medium-size strip, the output of such a plant is 60-80 tons per 
shift. 

In the mill illustrated in Fig. 9 the first pass is made with billets 
approximately 110 mm. wide for narrower strip, while blooms 
60-80 mm. thick are used for strip up to 250 mm. wide. To ensure 
adequate scale breaking, the first stand in this plant is an edging 
pass. A three-high mill stand with stepped rolls and a lifting 
table behind it serves as roughing stand. The strip is moved to the 
next pass via a shoot in front of the stand. After the third to fifth 
flat passes, the strips are upset on a stand with vertical rolls, after 
which they are given three further flat passes on a double-duo 
train. Then follows the finishing edging mill, which is succeeded 
by three flat passes on three-high stands with thin centre rolls and 
friction-roll drives or four-high stands. Here also, roller bearings 
are used extensively. Two automatic strip reels with their re- 
spective mechanical devices finish the process. A rotary shears 
can sub-divide the strips in accordance with requirements. This 
installation also operates as far as possible automatically. The 
production of the plant amounts to 150-240 tons per shift. 

A three-high roughing mill is no longer suitable for the rolling 
of 250-600 mm. wide strip in the plant shown in Fig. 10, for which 
reason a continuous roughing mill is employed in this case. The 
first pass is made with 65-80 mm. thick blooms, which likewise 
then receive an edging pass on a stand with horizontal rolls. After 
three flat passes there follows an edging pass, then two further flat 
passes, and after the latter the finishing edging. After these opera- 
tions the strip receives a further three or four flat passes, the last 
three of which are made through special four-high stands. Finally, 
the strip is also wound into bundles on automatic reels. A rotary 
shears with an adjoining stacking device and a cooling bed are 
also desirable for this plant, which operates as far as possible auto- 
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matically. The production of this plant averages 360-400 tons per 
shift. 

These three strip rolling mills illustrate the usual constructions 
as developed during the last few years; they can, however, be varied 
to conform to local conditions. 


III. Rotting Mints ror WIDE StTrIe. 


Upon going further into the rolling of strip steel, one immedi- 
ately comes up against the very topical question in Europe of 
the rolling of wide strip, and it may therefore be worth while 
to consider the problems arising in this connection in greater 
detail. The transition from sheet rolling to wide strip and cold- 
rolling gains greater importance by the fact that, apart from the 
marked technical changes involved, it creates difficulties of a social 
and economico-political nature. In Germany, and even more so in 
England, the sheet-producing plants are concentrated in a few 
districts, in which a guild of specialist and expert workmen may be 
said to have been created. The value of this formerly highly im- 
portant work has been decreased by the change in methods, while 
there arises further the problem of what is to be done with the 
labourers who have to a considerable extent become superfluous. 
During the last decade this question has become a very vexing one 
in Europe, owing to the fact that the advantages of wide-strip 
rolling are so obvious, while, on the other hand, the difficulties 
consequent upon the large capital requirements and the labour 
problems to be solved are most disturbing. The tremendous demand 
for sheets and the constant increase in this demand consequent 
upon the large increases in population during the post-war years 
soon contributed in America towards the realisation of the designs 
for continuous wide-strip mills. As a result of the capital which 
flowed to that country, one could observe that investment problems 
did not of necessity lead to considerations which were essential 
here in Europe. In Europe, also, the transition to wide-strip 
production, with its subsequent cold-finishing, was looked upon as a 
dangerous competitor for the sheet rolling mills, and it became clear 
that, so soon as a start was made in one place, further plants would 
have to follow very soon. During the last few years the attention 
of sheet producers was continually drawn particularly to the advance 
in the cold-rolling of wide strip. New knowledge regarding cold 
deformability permitted of unsuspected reductions of cross-section, 
so that strips approximately 6 mm. in thickness were flattened to 
0:25 mm. thickness in seven to nine passes without intermediate 
reheating. Without going further into the several steps in the 
development, one need but remark that the influence of the more 
powerful tension on the rolled material, and the effect of the bright 
finish of the rolls, their bearings, and the lubrication and cooling 
of the rolls and rolled material became recognised in this way. To 
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Fic. 11.—Diagrammatic Representation of the Volume and Capacity of 
the United States Sheet Production. 
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this must be added the increased value of the product due to the 
process, which had a favourable effect on the surface, the accuracy 
of dimensions, and the material. Finally, when the extraordinary 
development in America, which is illustrated by approximate 
figures in Fig. 11, is considered, it is not easy to understand the 
hesitating attitude prevalent in Europe on the part of the technical 
expert. For many years we did not get beyond intentions and 
discussions, which were generally the outcome of reports made by 
those who were sent to America in order to study American methods ; 
any proposals which were made, and which were nearly always in 
imitation of the American examples, were regularly shelved for the 
time being as soon as the question of cost was touched upon, and 
they were not followed up seriously and practically. Only in the 
last two years has the doubt of the dissenters been overcome, so 
that a large plant for the production of wide strip now also 
approaches completion in Germany. 

Fig. 12 illustrates this rolling mill for the production of strip 
1250 mm. wide and 1-6 mm. thick. Blooms of approximately 
the width of the strip to be produced and of appropriate thickness 
are chosen as raw material. The output of the plant, which consists 
of a roughing mill and a finishing mill, can amount to 40,000 tons 
per month. The roughing mill has four simple two-high rolling 
stands, which are placed one behind the other at such a distance that 
the rolled material occupies only one stand at atime. The finishing 
train consists of six four-high stands, the speed ratios of which are so 
regulated that the material is worked simultaneously in all the stands. 
For this reason the stands of the roughing mill can be driven by 
A.C. motors, while the stands of the finishing mill must be driven by 
variable-speed D.C. motors. The first stand of the roughing 
mill simultaneously acts as _ scale-breaking stand. According 
to its purpose, the rolled material emerging from the finishing 
stand can either be wound into bundles on two winding devices, 
or it may be conveyed in entire lengths via a two-sided cooling 
bed. The cooling bed is also designed in such a way that the strips 
move across it singly or in packs. A shears, by means of which 
the sheets can be sub-divided singly or in packs, is provided on the 
rolling-mill side of each cooling bed. The cut pieces are gathered 
into large stacks behind the shears, and are then transported into the 
stockyard by means of a chain conveyor. 

Other plants which have been planned differ but little from 
the successful American examples, such as have become generally 
known in technical circles. It is, however, evident that the number 
of these plants will remain limited in Europe, as a comparatively 
high output is essential for their economic operation. On the other 
hand, however, considerable efforts are being made to design wide 
strip mills for which the space required, the initial costs, and the 
output are limited, but of which the working costs nevertheless 
remain competitive. Several of these experimental plants have 
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Russell,! who proposed semi-continuous or series rolling with inter- 
mediate reheating. The evolution of wide strip mills reminds 
one strongly of the American period some decades ago, when, after 
previous trials on the Continent, many continuous rolling mills for 
other rolled products were built. In those days there were also 
voices which doubted the future of open-pass trains, owing to their 
so-called low economic efficiency. Subsequent developments proved 
them to be wrong, as the purely continuous arrangement remained 
confined to a few production groups, while the importance of 
the open-pass train produced a number of new types of mill train 
which, when suitably provided with auxiliary devices, worked 
satisfactorily as automatic open-pass trains. These latter were 
also most satisfactory in a zig-zag or semi-continuous arrange- 
ment as a result of their high level of production, extended rolling 
programmes and favourable working costs. Similar results should 
also be possible in the production of sheets via wide strip, and 
mills are bound to be built which will take European conditions 
into account. The consecutive stand arrangement will, however, 
maintain its place when the output is adequate, whilst all other 
purely technical reasons, which until very lately maintained that 
this arrangement is absolutely essential, may soon be regarded as 
anachronisms. We may take the merits of the length of the final 
product from the hot-rolling mill as an example. 

The cold-rolling plants used in America operate partly with 
consecutive stands, or in such a way that appropriately powerful 
reels are erected in front of and behind a four-roll cold-rolling 
stand, which by their pulling or braking action, exercise the 
necessary tension on the strip. The two reels alternate as pulling 
and braking reels according to the direction of rolling. This installa- 
tion pre-supposes that the strip ends are gripped in the reels, and 
that below a certain minimum length they cannot be deformed by the 
rolling. At the front and rear ends of the strip a certain amount 
of the initial length will therefore have to be regarded as waste, 
and, in order to keep the proportion of the latter as low as possible, 
one is forced to employ very large initial strip lengths. To take a 
concrete example, considerable end waste will still arise in the case 
of an initial strip length of over 100 m. From this it may be seen 
that in the case of the usual American process, the unavoidable waste, 
or at least the yield of end pieces which are not cold-rolled, increases 
rapidly in proportion to the shortening of the strip lengths. This 
is the reason for the American endeavour to employ lengths as long 
as possible for the cold production of sheets in strip form, which 
can only be manufactured in costly continuous strip mills. If in 
reverse rolling an attempt were made to avoid waste by rolling 
out the strip end in question at each pass, then the clamping of the 
strip in the respective braking reels would have to be released after 


1 Journal of the Iron and Steel Institute, 1936, No. I., p. 51P; Stahl und 
Eisen, 1936, vol. 56, pp. 849-851. 
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each pass and re-attached after the end piece had been rolled out. 
This would have to be done each time, thus causing such a loss of 
output, owing to the change-over time, that the result in proportion 
to the number of tons produced would be just as unfavourable, 
or even more so, especially as the pulling action of one reel would 
also be lost in each case. 
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Fia. 13.—Comparison of Cold-Rolling Methods. 


In Europe these facts have led to the attempt to cold-roll 
wide strip in an endless shape, which is effected by welding together 
the ends of the initial strip after its introduction iyto the mill. 
It is then rolled out in this endless form. Such an endless rolling 
process, which in itself is not an innovation, has recently been 
applied by the Pole Sendzimir in an experimental rolling mill at the 
Friedenshiitte, and its usefulness has been proved in principle. 
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In this mill, use has also been made of very long initial strip lengths, 
in view of the fact, due to American influences, that particularly 
favourable change-over costs wereanticipated. Asdrawing machines 
are used in this case to produce the drawing action, it is obvious 
that this process requires machines which have to cover a long 
drawing length in accordance with the prevailing rolling length. 
Attempts are therefore made in the new plants to shorten the 
drawing length by guiding the strip in a zig-zag path via several 
guide rolls which are arranged above or next to one another, in 
order to distribute the resulting finished strip length over a shorter 
total length of space. Fig. 13 illustrates these conditions diagram- 
matically. It is, of course, evident that this method. of working 
still requires comparatively costly and bulky plant. 
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Kia. 14.—Comparison of Cold-Rolling Methods when rolling strip 39 x 
0-008 in. from 39 x } in. 


An investigation of the effect of the initial strip length on the 
maximum obtainable production of a cold-rolling plant shows 
that the output is influenced only by the time taken for the single 
welding into an endless strip. A graphic illustration proves con- 
clusively that the improved production does not increase in pro- 
portion to the increase in length of the initial strip, but that it de- 
preciated later in a strongly asymptotic curve (Fig. 14). This 
fact and the examination of Fig. 15 lead to the proposal that fixed 
pulling and braking reels should be employed, which latter avoid the 
drawbacks of the earlier-mentioned ones and permit of the rolling 
of short lengths in a simple manner. Fig. 13 illustrates this cold- 
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rolling process when applying all the advantages of endless rolling, 
viz. 

(1) The possibility of using short initial lengths. 

(2) Fixed pulling and braking devices. 

(3) Low costs of installation. 

(4) Small space requirements. 


The bearing pressure of the rolled material on the reel drum 
may, for instance, be produced by means of rollers arranged in 
series on the circumference of the reel, or by means of jockey 
weights on the toggle levers, which latter are automatically ad- 
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Endless Cold-Rolling with Fixed Pulling Machines and Sloping 
Loop Tunnels. 


Fig. 15. 





justable in accordance with the cross-section or the required pull. 
This simple fact leads to the recognition that for European conditions 
attempts may well be made to employ as raw material short strips, 
which latter can be produced by simple means. This will require 
plants which cost only a fraction of the initial cost of the large 
American plants, while they still make possible the production of 
sheets in strip form at reduced working costs. In this connection 
there is even justification for the assumption that the change-over 
costs can be entirely satisfactory in the case of simple plants, 
which have been designed for limited conditions, as the amortisation 
charges, which latter must be regarded as one of the chief items, also 
only constitute a fraction of those in large American plants. This, 
however, appears to be conditional upon the use of endless strip 
cold-rolling, while the American thesis of very large initial lengths 
must not be followed; on the contrary, the initial length must be 
only long enough to make possible economic rolling with sufficiently 
exact dimensions in less costly rolling mills. This is the problem 
which confronts the German and European sheet mills with their 
smaller outputs of 2000-10,000 tons per month. Several approaches 
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towards its solution have already been made, and their success 
becomesapparent. Theappearance on the export market of products 
rolled in strip form demands that this development be followed 
up sooner or later. 


IV. THE IMPROVEMENT OF THE WORKING OF OLD SHEET 
Mis. 


We should be guilty of an omission if we did not attempt to 
show here how the old sheet mills try to evade their rapid extermina- 
tion and enter into competition with the strip mills. 

The old method of sheet production consisted of roughing 
the sheet bars in a two-high roughing mill, after which they 
were folded once or several times according to their thickness 
and reheated, and finally rolled into the desired finished sheet 
in two or more finishing stands. Except for the usual foot-operated 
tilting tables, the stands had hardly any mechanical auxiliary 
devices, and the production depended more or less on the strength 
and skill of the mill crew. During the last few years, works, first 
in America, and then also in Germany and other European countries, 
have attempted to develop far-reaching mechanical installations for 
sheet mills. Special attempts were made in the case of already 
existing sheet mills, in which it was desired to ease the work of the 
workmen, to obtain a more efficient heat consumption, and to raise 
the output per finishing stand to a multiple of that formerly produced. 
During the last few years a German firm has mechanised a number of 
such mills and has developed more niodern constructions. 

Fig. 16 illustrates a sheet mill for a production of about 3000- 
3500 tons per month for an average sheet thickness of about 0-7 mm. 
The plant consists of a three-high roughing stand, an inter- 
mediate stand, and a finishing stand. Adjoining the finishing stand 
is a flattening stand, which may be used for flattening according 
to the prevailing production programmes. The sheet bars are 
heated either in a gravity discharge furnace or in a walking beam 
furnace. It is expedient to provide this furnace with a sheet-bar 
removing device, the object of which is the rapid conveyance of the 
heated bars to the chain table in front of the roughing stand. The 
roughing stand has a lifting table of special construction both 
in front and behind the rolls; they are provided with two pairs 
of chains, one of which moves continually in the direction of rolling, 
while the other moves continually in the reverse sense. In the 
present case (Fig. 20, Plate X XIII.), the two outer chains move away 
from the mill, and the two inner chains towards it. The method of 
operation of the semi-automatic or wholly automatic table is as 
follows : 

The sheet bars, which at first are rolled individually on the 
three-high roughing stand, emerge behind the mill from between 
the centre and lower rolls, and are caught on the pair of chains 
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moving away from the mill. The lift of the table is then actuated. 
During the lift the chain pairs change their level, so that approxi- 
mately half-way through the lift the other chain pair, which moves 
towards the mill, catches the bars and, after the completion of the 
table lift, brings them again to the pass between the centre and 
upper rolls. This mode of operation ensures a shortening of the pass 
intervals. The lifting table in front of the train is provided with 
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Fia. 16.—Mechanised Sheet Rolling Mill for a Production of 40,000 tons 
per annum. 


some further special devices, which automatically stack the sheet 
bars after a few passes. For straightening the slabs compressed- 
air-operated direct ledges are installed, which are indicated in 
the illustration by a. The sheet bars which have*been through 
the roughing stand (Fig. 16) then reach the intermediate stand 
and are there rolled further. The thicker kinds are immediately 
given a finishing rolling, while the thinner kinds are doubled on 
an automatic doubler and are carried by a conveyor belt to the pack 
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furnaces. Subsequent to the intermediate heating the finishing 
rolling on the finishing stand takes place. The working processes 
for different sheet thicknesses are inserted as examples in the 
illustration. 

The automatic doubler illustrated in Fig. 21 (Plate XXIII.) 
doubles the sheet conveyed to it by a chain conveyor by bending it 
in the form of a loop, then laying the two ends one over the other, 
and then completing the doubling. All the steps in the doubling 
process are executed automatically and are initiated by push- 
button control from the central control station. This method 
of doubling has the advantage that, in the intermediate cutting 
of the sheet packs, the smallest possible quantity of scrap is discarded. 
The shears are erected behind the doubler in continuation of the roll 
train. 

Fig. 22 (Plate XXIV.), gives a comprehensive view of a sheet 
mill, consisting of a three-high roughing stand, a two-high inter- 
mediate stand and a two-high finishing stand. In the roughing 
stand, the upper roll is set in motion by an electric starting device, 
which is connected with an electric balance for the upper roll, 
and which in this case also ensures the lifting and lowering of the 
centre roll by means of an electrical device accommodated on the 
stand. After the finishing rolling, the sheet packs are conveyed 
to a rotary shearing plant (Fig. 23) to be cut. This plant con- 
sists of a group of shears with rotary blades, which cut the pack 
lengthwise. The pack then goes to the cross shears, which are like- 
wise provided with rotary blades, and which effects the transverse 
cut. The shearing plant works on the continuous-operation 
principle, and may, further, be regarded as extremely economic 
at an output of about 70-80 tons per 24 hr. In order to complete 
the automatic process, both shearing groups are, further, provided 
with an installation which cuts up the cropped ends and passes 
them into pans or on to a conveyor belt. The combination of these 
mechanical devices presents a pleasing evolution, for it removes from 
the plant once and for all a method of operation, which required 
the exercise of very considerable strength by the workmen, and 
which was numbered amongst the most strenuous operations in steel 
works. 

After having given some attention to mechanised sheet produc- 
tion in relation to strip production and to the smallest dimensions 
of the latter from the European point of view, we would in this 
connection also add a few words on the effect of developments 
in the field of the manufacture of very wide and very heavy sheets. 


V. THE PRODUCTION OF VERY WIDE AND HEAvy SHEET. 


The unsuspected increase of shipbuilding in the United States 
during the war confronted ship-plate producers with the problem 
of the manufacture of sheets of constantly increasing dimensions, 
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for which the Lauth three-high mill with a 3860-mm. long roll body, 
which was at that time the largest in America, no longer sufficed. 
Further, it seemed impossible to obtain chilled rolls in the sizes 
required for a Lauth three-high mill from the foundries, and this 
fact led the Lukens Iron and Steel Company to erect a reversing 
mill with working rolls supported over their entire length, this being 
done with an earlier constructed stand with horizontal rolls from a 
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Fic. 17.—Development of Plate Mills. 
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universal blooming mill. In this plate mill the roll-body length 
was 5182 mm., the diameter of the working rolls was 865 mm., 
and of the backing rolls 1270 mm. It was the forerunner of a mill 
built during the post-war years for the French firm of Marrel Fréres 
by a local machine works, and which had a roll body length of 
4700 mm., a working-roll diameter of 1000 mm., and a backing-roll 
diameter of 1400 mm. As a result of these dimensions it became 
possible to decrease the sheet thicknesses considerably as compared 
with the previously-mentioned mill. A similar plate mill with still 


body, 
ficed. 

sizes 
| this 
rsing 
being 
om a 


ngth 
mm., 
mill 
reres 
h of 
y-roll 
same 
ared 
still 


NZ 





ta * 


4 
ee 


4 
' 


PLATE 


XXII. 





ling Bed for Four Bars 


‘ntric Type Co 


Double Single-Ecce 





PuaTE XXIII. 


e 


Vordopplung 
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Fic. 24.—Four-High Plate Mill. 
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more favourable dimensions is at present in course of erection, 
and has a roll-body length of 5000 mm., working rolls 1000 mm. 
in dia. and backing rolls 1500 mm. in dia. The deflection of the 
backing rolls will in this instance be still less. Fig. 17 gives a 
diagrammatic survey of the evolution of the heavy plate mill from 
the simple two-high reversing mill to the various recent construc- 
tions with backing rolls. Fig. 17 illustrates the arrangement and the 
dimensions of the rolls, for which purpose the roll-body lengths and the 
sheet thicknesses obtained by the millsare given on the right-hand side. 
Naturally, the deflection of the rolls, 7.e., the size of the steel backing 
rolls, determines the smallest rolling dimensions attainable. In the 
case of the working rolls the smallest diameter is chiefly determined 
by the ability to transmit the torque and the limiting angle of bite. 
It is known from the bending formula that the deflection of the rolls 
is influenced to a very high degree by the diameter of the backing 
roll and in a lesser degree by its length. A comparatively small 
increase in the diameter of the rolls, with a constant roll-body 
length, therefore very considerably decreases the deflection. It 
is not necessary to reproduce the well-known ordinary arrangements 
of these rolling mills; their huge dimensions may be gathered from 
Fig. 24 (Plate XXV.). 
VI. TUBE-MAKING. 


In conclusion we propose to show a plant used in the extensive 
field of tube production, in which the principle of continuous opera- 
tion is adhered to throughout. A German tube mill some time ago 
introduced, and considerably developed and improved a process 
for the production of butt-welded gas pipes, which had been taken 
over from the Fretz-Moon Tube Company of Butler, Pa., U.S.A. 

It is well known that in the old butt-welding process the tube 
strip was cut into sections corresponding to the usual commercial 
lengths, which, after being heated to the welding temperature, were 
drawn from the furnace singly through a bell. In the Fretz-Moon 
process,! on the other hand, the tubes are rolled continuously from 
long coiled strips, the end of one already uncoiled and the beginning 
of the next strip being welded together electrically Fig. 18 illustrates 
such a plant. The tube strip, having been coiled, is uncoiled by 
means of an uncoiling stand and passes through a straightening 
machine and also an electric butt-welding machine. In the latter 
the strip ends are welded together, whilst a subsequent planing 
machine removes the welding fin. A pair of driving rolls follow, 
and, after having formed a loop behind the latter, the strip enters 
the long heating furnace. This furnace is heated throughout most 
of its length by means of gas cross-burners. During its passage 
through the furnace the strip is gradually brought to welding heat, 
and after leaving the furnace it enters a rolling mill; this has six 

1 Steel, 1932, vol. 90, Feb. 8, pp. 31-33; Mar. 21, p. 35; Stahl und Kisen, 
1932, vol. 52, pp. 345-346. 
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are pressed firmly against each other, as a result of which they 
are welded together. In the subsequent roll pairs the tube is 
brought to the required dimensions. The endless «tube length 
emerging from the mill is cut into the usual commercial lengths by 
means of an automatic saw, and these lengths are then cooled on a 
cooling bed in the usual way. The great advantage of this process 
for making butt-welded tubes is that the rolling can exercise a 
greater pressure on the edges to be welded together than has hitherto 
been possible by the bell-drawing process. The welding seam be- 
comes much stronger than the joint in the tubes produced by the 
old process. In the German plant the process was chiefly improved 
by ensuring the automatic action of the parting saw, thus making 
possible a considerable increase on the rolling speed previously 
obtained in America; the principle of continuous operation was, 
furthermore, applied as far as the finished tube ready for dispatch. 
In the Thyssen process the parting saw is actuated by the rolling 
mill drive, 7.e., in such a way that the saw comes into operation 
after a certain number of revolutions of the rolling mill, which 
ensures that all the tube lengths cut off are of practically equal 
length. The length to be cut may be adjusted without difficulty 
during the operation, the limits being from 4-5 to 7-5 m. In the 
original American plant the tubes, after having been cooled on a cool- 
ing bed, fell into a truck, and were conveyed from there to the dress- 
ing shop, but in the Thyssen plants the following arrangement 
is made : 

From the cooling bed, on which the cut tubes are first cooled 
down to approximately 700° C., they are moved automatically via 
a roller conveyor into a sizing rolling mill, in which the exact exterior 
diameter is obtained, while the roll scale is simultaneously removed 
both inside and outside by the spraying with high-pressure water. 
The tubes then automatically reach a second cooling bed of greater 
length, and, in order that they may be finished immediately, a third 
cooling bed, on which they are sprayed with water and cooled 
to room temperature. From this last cooling bed the tubes fall 
automatically into a tilting pan; the latter rests on automatic 
scales, which weighs the contents at definite intervals, and then 
dumps them on to a table, behind which is an automatic milling 
machine. The latter mills the sawing fin simultaneously on both 
sides of the tubes, and they are blown out with compressed air. 
Subsequently the tubes are again moved automatically into a 
hydraulic-pressure testing machine, in which two tubes can always 
be tested simultaneously to a hydraulic pressure of 40-60 atm. 
This machine also operates automatically. Adjoining the testing 
machine are placed a pair of automatic thread-cutting machines, 
on which first one end and then the other end of the tube are pro- 
vided with threads. To the last thread-cutting machine is coupled 
a machine for screwing-on sockets, which also works automatically. 
From there the tubes fall on to the bundling table and are immediately 
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bundled and provided with the necessary tag and dimension label. 
The individual tube bundles are then placed on a conveyor belt, 
on which they are passed from the mill shop to the dispatch de- 
partment. In the latter the finished tubes are weighed once more, 
after which they are put into stock or are immediately loaded up. 

This description shows that the material never comes to rest 
after leaving the mill shop until it is absolutely ready for dispatch. 
In the works a plant for } to ?-in. tubes, and a second for 1 to 2-in. 
tubes are in operation. As evidence of their complete success and 
economic efficiency, it may be stated that a third plant for 1] to 2-in. 
tubes is in the course of erection. For smaller tubes the rolling 
speed is 1-2 to 1-6 m. per sec., and for larger tubes 0-8 to 1-2 m. per 
sec. The hourly production amounts to 6 tons of }-in. tubes, 
7 tons of 3-in. tubes, 11 tons of 1-in. tubes, 13-5 tons of 14-in. tubes 
and 14 tons of 2-in. tubes. The plants are in operation without a 
break throughout three 8-hr. shifts per day, and are operated con- 
tinuously on one size for one to three days, depending on the state 
of the prevailing rolling programme. Apart from possible break- 
downs, they are only stopped in order to change the rolls. 

The case here reviewed shows how, for a suitable output, rolling 
mills have been successfully re-adapted to the principle of complete 
continuous operation. 


SUMMARY. 


The most varied requirements have to be taken into considera- 
tion in the construction of a modern rolling mill: The working of 
different alloy steels, the properties of which frequently limit the 
plastic deformability; the greatest possible mechanisation of the 
work as the principal means of attaining the essential economy 
of working; the rolling programme, and the quantities of the 
different rolled products to be produced; the requirements with 
respect to the precision and cleanliness of the rolling, as well as of the 
straightness of the rolled material, &c. While details are omitted 
as far as possible, the development of the empirical problems in 
the rolling-mill industry is dealt with from this point of view in 
the following sections : Development of the small-section and rod 
rolling mills; strip rolling mills; rolling mills for wide strip; the 
improvement of the working of old sheet rolling mills; the pro- 
duction of very wide and heavy sheet; and tube-making. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf on Tuesday, September 21, 1936. 


Mr. F. WintErRnorF (Dinslaken, Germany) said that Mr. Noll in 
his reference to rolling mills for light sections and wire had made 
the suggestion that the combined passes of these might also be 
utilised for the rolling of narrow strip steel. For both economic and 
qualitative reasons, however, the construction of rolling mills on 
universal lines was not a solution which could be regarded as more 
than temporarily feasible. In the last few years the demands made 
upon strip steel production as regards accuracy, cleanliness of surface, 
reduction of overhead cost, weight of coils, variety of types, &c., 
had so increased as to render it impossible for these many require- 
ments to be satisfied otherwise than by the adoption of special mills 
for strip steel. 

A few of the special designs of rolling mill for the production of 
narrow strip, up to 500 mm. wide, were described in the second 
part of the paper, and these would serve to illustrate the present urge 
towards combining the shortest possible rolling time with the highest 
possible final temperature. In the design of strip rolling mills due 
regard must be had to the fact that strip steel presented a large 
surface area from which heat could radiate and at the same time had 
not a large enough cross-section to retain heat effectively; it was 
only by means of a completely continuous arrangement that the 
specified requirements could be met. 

Though these technical conditions were only of occasional 
importance in the hot-rolling of narrow strip, in the case of wide 
strip (over 500 mm.) they became inescapable, for in the latter case 
the ratio of heat-radiating surface to cross-section was correspond- 
ingly larger. In the design of hot rolling mills for wide strip, there- 
fore, no half-way solution was possible. It was true that simpler 
designs had been attempted, and had even been carried out by, 
for instance, Steckel in America, Russell in England, and Brémel in 
Germany, but none of these was likely to be completely successful. 
What constituted the determining factor in favour of the continuous 
arrangement was not so much the advantage of the increased output 
as the ability to meet such paramount requirements as those of 
accuracy even with maximum weights of coil, cleanliness of rolling 
in respect of surface conditions, straightness of the rolled product, 
and maximum economy. A continuous mill enabled the rolling 
time and therefore the end temperature to be adjusted to the 
quality of the material. Moreover, the beginning and end of a strip 
which had run through the pass at high speed were at the same 
temperature, so that very uniform tolerances and mechanical 
properties were obtainable, and the high speed offered the further 
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advantage that the risk of scaling was small. The result of these 
conditions, and of the fact that the rolled material was continually 
coming into contact with new rolls during the process—the final 
passes giving only a light polishing pressure—was to produce a 
smooth surface free from pores and scale, with only very slight 
variations in thickness. Further, the exceptionally close regulation 
of the rolling speed meant that the final rolling temperature could 
be adjusted in accordance with metallurgical requirements. 

The initial cost of a fully continuous wide-strip rolling mill was 
not very different from that of a semi-continuous or similar arrange- 
ment, and the relation between initial cost and productive capacity 
was decidedly more favourable in the case of the fully continuous 
mill than in any other solution. The high capacity which was an 
essential characteristic of the continuous process had to be taken 
into account together with its technical superiority—a fact which 
might well be important under competitive conditions. 

In the case of cold rolling mills for wide strip, simpler designs 
could be developed, like those described by Mr. Noll. In these 
forms, however—as in the Sendzimir mill which he described—it 
was essential to avoid at all costs friction on the pulling drum, which 
might entail damage to the upper surface of the strip. 

If cold-rolling were adopted, the choice of stands had to depend 
upon whether the thickness of the wide strip to be rolled lay some- 
where between 0-5 and 1-5 mm., or was even less. For both cate- 
gories special cold rolling mills would have to be designed; their 
capacity would not be very large, but it was so favourable in relation 
to initial cost that existing works equipped solely for cold-rolling 
or for the production of thin sheet were enabled at no great expendi- 
ture to increase their production programmes by installing cold 
rolling mills of this type. From the economic point of view, bad 
investments could thus be avoided, and the economy of wide-strip 
rolling in place of thin-sheet rolling might be secured so as to meet 
the requirements of competition. From the social aspect, also, 
attention to these points would tend to the avoidance of undesirable 
conditions by enabling the present thin sheet mills to be gradually 
modernised, and thus guaranteeing their stability. 

Mr. Winterhoff did not believe that all the work now performed 
by thin sheet plants would be taken away from them by wide strip 
mills; the present thin sheet process, in an improved form, must 
continue in the future as the only practicable means of rolling 
special sheets and of meeting orders for small quantities. In this 
respect American and European conditions were not comparable ; 
when examining this technical problem it was essentitl to realise 
that, whereas in America the rolling of wide strip had been developed 
by the suppliers of plate, in Germany its development had been the 
work of the strip producers. The methods of working to be adopted 
had to be correlated with, or developed from, those now in use in 
each case. 
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The situation having thus been clarified, it should not be difficult 
to forecast the trend of future development of hot and cold wide- 
strip rolling in Germany; the present production programmes of 
the existing hot and cold strip mills and thin sheet plants would 
probably be extended to include the new process of wide strip 
production, subject always to the conditions which had governed 
their respective developments to date. In Germany there would be 
enough work for only a limited number of wide strip hot-rolling mills, 
namely, those capable of supplying hot-rolled strip to the consider- 
able number of special wide-strip cold-rolling stands which had yet 
to be installed either within the same cold-rolling mills and thin- 
sheet plants or outside them. 

In reference to this question, he wished not to omit a word of 
warning against a too rapid development of hot-strip rolling in 
Europe. There was a risk that European rolling mill engineers 
might be led to repeat the experience of their American colleagues, 
who, after building nearly twenty hot-strip mills in the course of 
about ten years, were finding it difficult to keep them profitably 
employed even during this period of increasing prosperity. In 
Germany, until 1940, limits were set to this development by the 
continuance of the existing steel trade relationships, and this fact 
should enable unhealthy competition in the production of wide 
strip, with all its undesirable economic and social consequences, to 
be avoided. 

For these reasons they must all be grateful to Mr. Noll for having 
undertaken the task of reporting on this difficult and contentious 
field. 


Mr. A. WEYEL (Gelsenkirchen, Germany) said he wished to make 
some remarks with reference to the question of the demand for, and 
increased production of, thin sheet in America. The two sides of 
this question appeared to him to be related in the following manner : 
It was not so much the excessive demand for thin sheet which hac 
caused the construction of wide-strip mills, but rather the possibility 
of obtaining thin sheet through the medium of wide strip, not only 
better in quality but also more cheaply, which had itself been the 
cause of the growth of the demand. The moment thin sheet as a 
constructional material became better in quality without being more 
expensive, the way was opened for new possibilities of application. 

This could indeed be clearly inferred from the graphic representa- 
tion of the American production and productive capacity of thin 
plate which appeared in Fig. 11, from which it was apparent that 
during the years 1921-2-3 such production had varied between 
37% and 75% of capacity; in other words, the demand had always 
been less than the maximum possible production. 

Ever since 1924, when the first wide-strip mill was constructed, 
the productive capacity had continued to increase, and the demand, 
likewise, had grown step by step with the capacity until 1929, in 
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which year plate and strip rolling mills had been occupied to 90% 
of their capacity. 

Then had followed the years of depression, which could not be 
taken as a gauge either of demand or of productive capacity. 

The same thing might be expected to occur in Germany, though 
not, of course, on the same scale as in the United States. Mr. Noll 
had explained the characteristics of the American wide-strip mills 
and had also referred to the attempts being made in Europe to 
roll wide strip by other means. For European plants the problem 
was one of producing strip by the use of machinery less elaborate 
than the American, not involving such high initial costs and not 
reaching the enormous output (500,000 to 600,000 tons a year) of 
those modern mills. 

With a view to completeness, mention should be made of a 
solution which had already been put into practice in two instances in 
America, but to which Mr. Noll had not referred. Here the roughing 
train, consisting, as shown in Fig. 12, of four stands, had been re- 
placed by one reversible universal stand; the finishing train of six 
four-high stands was likewise replaced by one reversible four-high 
stand. In the first of these stands the slab was roughed down to 
the thickness it would normally have on entering the finishing train, 
and in the second stand the strip coming from the roughing train 
was rolled down to its final thickness by reversal. To prevent the 
strip from cooling off in the course of this operation it was wound on 
reels after each passage, the reels being in a specially heated furnace. 

Such a train was in operation at the Youngstown Sheet and Tube 
Co., producing strip about 800 mm. wide and 1-65 mm. thick, and 
another at Detroit in the rolling shops of the McLouth Steel Co., 
producing strip 450 mm. wide and 1-65 mm. thick. 

By comparison with truly continuous mills these solutions en- 
tailed certain disadvantages, and there could be no doubt that the 
truly continuous mills gave the best results as regards surface 
conditions and accuracy of dimensions. 

In America this reel rolling plant would be of no practical 
significance, since the huge demand for thin sheet made it unnecessary 
to have recourse to a compromise of that kind. In Europe, however, 
such a mill, producing perhaps 180,000 to 200,000 tons a year, might 
be worth considering by contrast with the monster plants of 500,000 
to 600,000 tons. 

Finally Mr. Weyel thought that an observation might be per- 
tinent with regard to the old type of thin-plate rolling mills. The 
tendency would be, not for these plants to go out of operation, but 
for them to be extensively mechanised on the lines which Mr. Noll 
had already quite correctly indicated, and for them to be relieved 
of a considerable portion of their rolling work by being fed, not with 
slabs, but with packs cut from the previously rolled strip. 

It followed as a matter of principle that they would not be able 
to limit themselves to these double stands alone, having regard to 
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the requirements arising for different kinds of steel, such as sheets 
for dynamos, transformers and other special uses, and sections of 
exceptional width. 


Mr. G. A. V. RussEtt (Birmingham) said the Institute was to 
be congratulated on the fact that the author had come forward at 
the present juncture with his able survey, at a time when there were 
so many pressing problems confronting the rolling mill industry. 
The author’s achievements in the development of merchant mill and 
rod mill practice commanded serious consideration for his views. 

The substance of the paper fell broadly under two main heads. 
First, merchant and rod mill practice was considered on a basis of 
successful achievement, with clear indications of the directions in 
which further development could usefully occur. Secondly, the 
production of hot- and cold-rolled wide flat products was dealt with 
in such a way that, whilst the general trend of development was 
discernable, the immediate further steps to be taken were less 
clearly defined, more especially in regard to the problem of the cold 
reduction of that class of material. In both, the author was to be 
commended for adopting what might be termed a European view- 
point. Whilst profiting by American developments, he had not 
allowed these to influence his judgment to the extent of slavish 
adaptation, but had recognised that the very different economic 
conditions in Europe called for independent analysis, which would 
frequently result in divergent solutions being reached. 

The three combination merchant and rod-mill plants illustrated 
in Figs. 1, 2 and 4 supplied good examples of what could be done 
in the direction of providing plants which were capable of rolling 
more than one product simultaneously in the lighter ranges of their 
rolling programme, so that the maintenance of an economic output 
was ensured over the entire range of products rolled. 

The differences between the roughing facilities of the plants 
shown in Figs. 1 and 2 emphasised the fact that the employment 
of a continuous roughing train need not be an essential adjunct of a 
modern high-production merchant mill plant, but that the choice 
should depend upon the ratio of the available feed stock to the 
average cross-sectional area of the first forming pass. Where this 
was high, there were obvious advantages in installing a continuous 
roughing train, despite its higher initial and maintenance costs. 

The provision of facilities for the semi-automatic and full 
automatic rolling of rod was a useful feature of the plant depicted 
in Fig. 4, but the cost of duplicate coiling and coil-handling equip- 
ment might perhaps have been avoided by a modification in roll- 
stand layout. 

He believed that many members would share his regret that the 
author did not touch on the relative advantages of the different 
types of modern automatic cooling bed. Taking the three main 
types now employed in Europe—the roller, the rack, and the 
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escapement type—there would appear to be no settled opinion on 
the correct field of employment for each. In view of his great 
experience, the author’s views would have been valuable. 

The information given in the paper on the continuous band 
cold-reduction methods which had lately been introduced on the 
Continent was most interesting. It was presumed that both the 
Sendzimir process and also that illustrated in Fig. 15 were purely 
traction reduction processes. In this they resembled the Steckel 
process, but attempted to avoid one of its drawbacks—the scrap 
lost at the end of every piece—by welding up the strip into a band 
and rolling continuously unidirectionally. In that connection, the 
author’s views on the comparative merits of pure traction rolling 
and rolling with adequate tension coupled with the introduction at 
the working rolls of the major proportion of the deformation power 
necessary would be interesting. Personally, he was of opinion that 
the second method was to be preferred for production work, though 
it might possibly be admitted that it was not feasible to effect quite 
such a large percentage reduction between anneals as with pure 
traction rolling. He did not regard that as a commercial dis- 
advantage, however, since it should be possible to feed a cold-rolling 
unit with hot-rolled stock of such a thickness that any commercially 
necessary final cold-rolled gauge could be obtained without resort 
to intermediate annealing. With a combination of power-driven 
working rolls and adequate fore and aft tension on the strip, the 
necessity for either very long initial lengths or even for welding up 
of the stock into continuous band form largely disappeared. 

The initial threading up of the continuous band mills described 
in the paper, together with the welding of the strip at the mill and 
presumably trimming the weld, must tend to diminish the working 
efficiency of the mill unit very appreciably. The removal of the 
completed strip would also reduce the productive time. Such 
considerations made him favour a reversing-type mill, and he had 
lately had experience of such a unit which was performing excellent 
work. In this particular plant the strip never left the rolls during 
its total reduction, but alternatively ran off the coiler on what was 
for the time being the feed side, and the strip was stopped at each 
pass with its end a few inches from the rolls. The coiling on either 
side was automatic, so that no time was lost in threading ends into 
the jaw of a coiler, as was usual in American practice. This type of 
plant was economical to instal and operate, and the duty on the 
working rolls had been found to be considerably less severe than in 
mills making similar reductions but in which the strip entered and 
left the rolls at each pass. ‘ 
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AUTHOR'S REPLY 


‘The AuTHOR, in reply, said that it was to be expected that the 
discussion would deal principally with the rolling of wide strip. 
It was apparent that in many cases the American types were not 
giving complete satisfaction. Dr. Winterhoff, with the existing 
correct conditions for his plant and supported by the available ten 
years’ experience on a large number of American wide-strip mills, 
was in the more fortunate position of being able to discuss the 
continuous mill. As he regarded every other type as a makeshift, 
he recognised only one way of making useful wide strip, namely, 
the continuous mill, which, in turn, could be regarded from two 
view-points, namely, in the one case complete utilisation of the plant 
and economical production, in the other case reduced utilisation 
and lower degree of economical working. Without doubt, in the 
first case he was right; as, however, the second case did not come 
into his consideration, he rejected any other solution far too easily. 

Dr. Weyel was reserved ; he was, indeed, also under the influence 
of the large American plants under consideration, but he left open 
the question of the possibility of solving the problem along European 
lines. 

Mr. Russell, on the other hand, gave an aflirmative reply to the 
question, in that he made proposals and held strongly to them, 
that it was not essential in all cases to employ high-output mills of 
the continuous type for the production of wide strip. Similar 
methods were already being employed, and further discussion would 
only become really fruitful when one could speak on the basis of 
experience. There were also difficulties here and there in the way 
of obtaining a clear view of the problem, which prevented one from 
giving concrete shape to ideas pointing in this direction. He 
welcomed, therefore, the support which would be given to him by 
the results of the scientific investigation of the cold-rolling process 
which were to be published shortly, by means of which it would 
also be possible to answer the questions posed by Mr. Russell. 

He was still hoping for an evaluation of the different designs of 
automatic cooling beds. For high-production plants, he did not 
consider the type of transverse conveyor for the bars, whether 
racks or skew rollers, as the most essential characteristic, but 
rather the lifting appliances on the run-out channels, the arrange- 
ment of the bars on the cooling plate, and, not least, the automatic 
co-ordination of all moving processes. 

In principle, he had mentioned the latest kind which stood out 
as typical from among the many designs. For high outputs and a 
variable rolling programme, the two-sided cooling bed with two 
run-out channels on each side, appeared to him to be the most 
suitable. Improvements, in general, were to be observed in every 
new type, particularly in the design of the constructional details. 
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TANTALUM-IRON ALLOYS AND 
TANTALUM STEELS.* 


By R. GENDERS, M.B.E., D.Mer., F.I.C., anp R. HARRISON, B.Sc. 
(RESEARCH DEPARTMENT, WOOLWICH). 


SYNOPSIS. 


The investigation described comprises a study of the constitution 
of the tantalum-iron system, an examination of the effect of tantalum 
and niobium on the structure and properties of carbon steels and of 
4% nickel steel, and the development of tantalum as an alloy-steel 
clement in nitriding steels and tool steels. 

The tantalum-iron system contains two eutectics formed by the 
compound Fe,Ta with 6-iron and with tantalum at compositions of 
approximately 20% and 80% of tantalum respectively. Below a 
tantalum content of 6-5% the 6 solid solution is resolved, on cooling, 
into aeutectoid of y-ironand Fe,Ta. Thesolubility in y-iron decreases 
with decrease in temperature to the y-iron > a-iron inversion. The 
solubility of Fe,Ta in a-iron is small. 

Tantalum-niobium mild steels conform metallographically with 
the main features of the pure alloys. The effect of tantalum is to 
decompose iron carbide, and with excess of tantalum the carbon 
steels consist essentially of iron-tantalum alloy with tantalum 
carbide, a compound which is insoluble and inert to heat treatment. 

Tantalum-iron alloys nitride readily in dissociated ammonia at 
500° C. and give deep penetration with increase in hardness. 
Extremely high hardness of the order obtainable in commercial nitrid- 
ing steels is attained, together with deep penetration, by the addition 
of aluminium to tantalum steels. 

The reaction between tantalum and iron carbide provides a means 
of producing steels containing included carbide particles by the use 
of a high-carbon basis material, such as pig iron. By melting ferro- 
tantalum in contact with carbon, a product is obtained from which 
the carbide may be isolated by chemical means for use as an abrasive 
or sintered cutting material. 





INTRODUCTION. 


THE study of tantalum as an alloying element in iron and steel was 
undertaken in view of the fact that although the production and uses 
of the metal have increased during recent years, little information 
has been available regarding its effect in ferrous alloys. The 
properties of the metal (given in Appendix A) and its position in 
the Periodic Table would suggest a physical similarity to vanadium, 
but this has not been borne out by much of the work so far published. 

One of the chief difficulties connected with the investigation of 
tantalum alloys is that the chemical estimation of tantalum involves 
lengthy and delicate analytical methods. The difficulty is increased 

* Communication from the Research Department, Woolwich, received 
June 4, 1936. 
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when niobium (columbium) is also present, owing to the close 
chemical similarity of the two elements, and since the more refined 
methods of analysis have been only recently worked out, some doubt 
is thrown on the few data previously published on tantalum steels. 
The method of analysis employed in the present work is described 
in detail in Appendix B. 

The work of Guillet ‘? (1907), which includes references to French 
and German patents claiming improved properties in tantalum 
steel, dealt with four steels containing up to 1-0% of tantalum. 
These showed an increase in maximum strength, but the properties 
were not noteworthy. 


Fe 











! 1 

1 1 \ 

! 1 Solid 

! \ Solution 

C+ E 7 Solid 1 

: polution \ 

1 | +F& | 

' ! | 

1 ' ! 

' | | 

1 ' | 

4 ail o 

c E 100% Fe 
O % Ta. 


Fie. 1.—Tron-Tantalum Diagram according to Laissus (Revue de Métal- 
lurgie, Mémoires, 1927, vol. 24, p. 387). 


Some results obtained by Messrs. G. G. Blackwell, Sons & Co., 
Ltd., showed that the addition of tantalum to various alloy steels 
caused a small but definite increase in maximum strength. The 
tantalum alloy used for making these steels contained niobium, and 
the maximum amount of tantalum (plus niobium) added was 1-69%,. 

French and Digges introduced tantalum into high-speed steels. 
They were unable to harden a steel containing carbon 0-70%, 
chromium 4-2°%, tungsten 8-2°%, vanadium 1-6%, and tantalum -++- 
niobium 6-0°% by quenching from about 1400° C., except at the 
corners of the section where it had begun to melt. This result is 
now explainable on the basis of data obtained in the present work. 

J. Laissus ® carried out cementation experiments on mild steel, 
using finely powdered ferro-tantalum containing carbon 1-0%, 
tantalum 29%, and silicon 2-0%, and described the variations found 
in the structure of the cemented specimens. From these results, 
a tentative form of diagram for the system was suggested (Fig. 1). 
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It has not been found possible to confirm this work. (See the 
paragraph on ‘“‘ Cementation Tests.’’) 

The effect of introducing 1-:75% of tantalum + niobium into 
a low-manganese nickel steel was investigated by J. A. Jones “® 
in the Research Department, Woolwich. The addition improved 
the steel, but only to the same extent as an additional 0-5% of 
manganese, and led to an increased liability to temper-brittleness. 
Details of this work are given in Part III. of the present paper. 

F. Wever, in a paper on the influence of various elements on 
the polymorphic changes of iron, included tantalum amongst the 
elements which form a closed gamma loop when alloyed with iron. 
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lia. 2.—lron-Tantalum Diagram according to Jellinghaus (Zeitschrift fiir 
anorganische Chemie, 1935, vol. 223, p. 362). 


W. Jellinghaus,” in a recently published brief paper on iron- 
tantalum alloys, described the examination of six alloys having 
tantalum contents ranging between 6 and 75% of tantalum, and put 
forward a provisional phase diagram (Fig. 2) showing a limited 
gamma field extending (according to Wever) to 4:25% of tantalum, 
a eutectic at some composition between 25 and 50%, and a compound, 
FeTa, at 76-4% of tantalum. As, however, no results of chemical 
analysis or thermal measurements were given, the diagram cannot 
be considered to have been based on very trustworthy data. There 
also appears to be some evidence (referred to later in the present 
paper) that the alloys were contaminated with silicon. 

The present investigation, undertaken for the Metallurgy Re- 
search Board of the Department of Scientific and Industrial Research 
(to whom the authors are indebted for permission to publish this 
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paper), was planned with the object of determining the influence of 
tantalum on the constitution and properties of carbon steels. As 
a necessary guide in this work, a study was first made of the pure 
tantalum-iron alloys, in order to determine the characteristics of 
the system. 


Part I.—THE Pure AtLoys or IRON AND TANTALUM. 


Preparation of Alloys——The alloys for preliminary exploration 
of the system were melted in a high-frequency induction furnace, 
from electrolytic iron (99-95%) and commercially pure tantalum 
(99-9%) obtained as strips trimmed from the edges of sheet. This 
material was dissolved readily by molten iron, the only precautions 
necessary being those of minimising the oxidation of the tantalum, and 
avoiding the presence of silica, which is readily reduced by tantalum 
with the consequent contamination of the alloy by silicon. Crucibles 
made in the laboratory from pure alumina were used. For alloys 
of low tantalum content, the tantalum strip was added to the molten 
iron, and the alloy cast in an iron mould as an ingot of about 400 g. 
weight. The alloys containing 2-10% tantalum were prepared by 
wrapping the tantalum in strip iron, before adding it to the charge. 
In the case of alloys containing more than 10° of tantalum, small 
melts of about 100 g. weight were made and allowed to solidify in 
the crucible. The loss of tantalum during melting was variable 
and generally in the neighbourhood of 10-20% of the amount 
charged. With clay crucibles the loss may be as high as 50°,, owing 
to the copious formation of slag. Subsequent to the preliminary 
work on alloys melted in air, all the material used in the study of 
the phase diagram was produced by melting it in a high vacuum 
in alumina crucibles and allowing the alloy to solidify in the furnace. 
The ingots, of about 80 g. in weight, showed a loss of tantalum in 
the low-tantalum alloys and a loss of iron in the high-tantalum 
alloys (7.e., above 50% tantalum charged). In all, more than sixty 
alloys were made, the majority covering the field 0-20% tantalum. 
In the present examination of the system, it became evident that 
within the range 0-8% tantalum the constitution of the alloys was 
more complex than would be assumed from previous work, and, 
while the main features of the remainder of the diagram were 
determined, attention was directed principally to this region. 

Thermal Analysis——The thermal change points of the alloys 
containing up to 8% tantalum were determined by means of a 
platinum/platinum-rhodium thermocouple in conjunction with a 
Carpenter-Stansfield potentiometer and Rosenhain plotting chrono- 
graph. Owing to the use of temperatures up to 1400° C., it was 
necessary to heat the specimen im vacuo to avoid the excessive 
oxidation which occurred above 1000° C. in the presence of air. The 
individual results of thermal analysis are given in Table I. 
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TasiE I.—Thermal Analysis of Iron-Tantalum Alloys. 
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The form of the equilibrium diagram deduced from the thermal 
data for the iron-rich alloys is shown in Fig. 3. 

No indication of a gamma loop was found, and it is thought that 
the inclusion of a loop in previously published diagrams was due to 
the lack of sufficiently detailed data and to misleading results 
caused by silicon, present as an impurity in the alloys used. This 
view is suggested by difficulties, caused by silicon contamination, 
experienced in the early stages of the present work, and by a photo- 
micrograph in the paper by Jellinghaus‘” which shows a constituent 
recognisable as due to silicon in an amount which could be intro- 
duced by the presence of silica in contact with the melt; this 
constituent was not found in pure alloys melted in alumina crucibles 
free from silica. 

The results of the thermal analyses tabulated in Table I. show 
that the effect of alloying tantalum with iron is to raise the tempera- 
ture of the A, point from 909° C. (the value found for the electrolytic 
iron used) to 974° C. at a tantalum content of 1-:0%. 

With higher tantalum contents no further change occurs in the 
temperature of the change point, the phase boundary remaining 
horizontal at 974° C. Alloys containing up to 0:-5% of tantalum 
showed a double thermal arrest, outlining a small « + y field. The 
temperature of the A, point was progressively lowered by increasing 
tantalum content, from 1400° C. to a eutectoid horizontal at 1220° C. 
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at a composition of approximately 3%. The solubility line forming 
the remaining portion of the gamma boundary was not observable 
by thermal measurement; its position above 1100° C. was fixed by 
microscopical examination of quenched specimens. This method 
was not perfectly reliable with specimens of low tantalum content 
quenched below 1100° C., owing to the difficulty of distinguishing 
fine particles of tantalum constituent from minute inclusions. The 
line must, however, fall very near to the position shown in Fig. 3, 
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since the lower extremity is indicated by thermal data, as the end 
of the alpha-gamma horizontal. The liquidus and solidus were not 
determined, except for an approximate estimation of the eutectic 
horizontal, which lies at 1450° C. 

Microstructure of the Alloys——The structures of the alloys were 
examined in the cast condition, after quenching from various 
temperatures, and after reheating. Owing to the necessity for the 
use of high temperatures, and the pronounced tendency of the 
alloys to oxidise rapidly in air and form a semi-liquid scale above 
1000° C., many of the annealings and treatments before quenching 
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were carried out in a tube furnace evacuated by a rotary pump. 
An alloy containing 1-60% of tantalum showed a cored cast structure 
containing lakes of a fine eutectoid and areas of apparent precipita- 
tion similar to the troostitic type. This is illustrated in Fig. 13 
(Plate XXVI.). After annealing at 1300° C. slow cooling produced a 
nearly uniform structure of «-iron containing precipitated particles 
of tantalum-rich constituent (Fig. 14), but when the alloy was 
cooled to 1150° C. and quenched, the tantalum was retained almost 
completely in solid solution (Fig. 15). 

The decrease of solubility of the tantalum constituent in y-iron 
with decreasing temperature is illustrated by photomicrographs, 
Figs. 16 and 17 (Plate XXVII.) of a 2-81% alloy, which show, 
respectively, the partial retention of a supersaturated solid solution 
after cooling from 1300° to 1100° C. and quenching from that tempera- 
ture, and the uniform precipitation of the tantalum constituent on 
reheating at 1000° C. after quenching from within the gamma field 
at 1350° C. 

The 45% alloy, annealed at 1300° C. and slowly cooled, as 
depicted in Fig. 18, consisted entirely of fine eutectoid of character- 
istic ‘* pearlite”’ form. If the cooling from 1300° was interrupted 
by quenching from 1220° C.—+.e., the eutectoid temperature given 
by thermal measurement—a uniform solid solution was obtained. 
An alloy containing 4:7°% of tantalum showed excess tantalum 
constituent at the eutectoid boundaries, and an appreciable 
amount of this material remained undissolved on quenching from 
the eutectoid temperature (Fig. 19). The eutectoid composition 
was thus fixed at 4-5% of tantalum. 

With further increase in tantalum content, the particles of 
hypereutectoid tantalum constituent became larger and more 
numerous, and were observed to be almost white in colour, similar 
to cementite in carbon steels. This is illustrated in Figs. 20 and 21 
(Plate XXVIII.) of the 7:16% tantalum steel in the annealed 
and quenched conditions respectively. It was evident from the 
relative bulk of the tantalum constituent, and its tendency to appear 
in relief free from scratches on polished sections, that it consisted 
of a hard tantalum-iron compound. 

The 7% alloy contained in the cast condition a small quantity of 
a well-defined eutectic together with much finely dispersed com- 
pound precipitated from the gamma crystals (see Fig. 22). Taking 
into account the lack of equilibrium in the quickly solidified alloy, 
this specimen would indicate a maximum solid solubility at the 
eutectic temperature of about 7%. 

The existence of a primary eutectic was confirmed by the alloys 
of higher tantalum content, and with 16-5% of tantalum present, 
the structure consisted almost wholly of eutectic, with a small 
amount of primary dendritic solid solution, initially delta. Fig. 23 
shows the general structure and Fig. 24 the characteristic laminated 
form of the eutectic. An alloy containing 20-6% of tantalum con- 








180 Pp GENDERS AND HARRISON : 


tained scattered dendrites of primary tantalum constituent, and the 
microscopic evidence thus places the eutectic composition at 
approximately 20% of tantalum. At concentrations of tantalum 
appreciably above the eutectic composition, massive primary com- 
pound occurred, as shown in the 24-9% alloy in Figs. 25 and 26 
(Plate XXIX.). The proportion of free primary compound increased 
with increase in the tantalum content, until at 33% the alloy con- 
tained roughly equal amounts of compound and eutectic (see Fig. 
27). Ata composition of 61% of tantalum, corresponding approxi- 
mately to the proportions expressed by Fe,Ta, the alloy consisted 
entirely of the compound. This material could not be etched by 
any of the known reagents containing hydrochloric and nitric acids, 
but was readily attacked by hydrofluoric acid. Deep etching re- 
vealed the cored structure shown in Fig. 28, indicating a range of 
solubility of iron or tantalum in the compound (epsilon solid solu- 
tion). The fine black markings appearing in the structure were 
fissures in the surface of the alloy, which was extremely friable and 
difficult to polish. 

The alloy containing 73-6°% of tantalum is shown in Fig. 29, and 
that containing 84:4% of tantalum in Figs. 30 and 31 (Plate XX X.). 
The composition of the tantalum-rich eutectic, probably comprising 
the compound with tantalum, appeared to be near 80% tantalum. 

The Compound Fe,T'a.—The microscopic evidence indicated that 
the constituent formed on the addition of tantalum to iron was 
relatively hard, and comprised the whole alloy at a tantalum content 
of 61:2%. This alloy corresponded in composition approximately 
to the compound Fe,Ta, and was hard and brittle. No indication 
was found of the formation of the compound FeTa suggested by 


Taste II.—Composition of Residue Left after Attack with 20% 
Hydrochloric Acid. Atomic Ratio of Iron to Tantalum. 


























Tantalum and Iron in|Tantalum and Iron in | 
Residue Expressed as Per- | Residue Expressed as Per- Atomio Percentage | 
Mark. centage in Alloy. centage in Residue. Ratio : of Com- 
—— fs | Ke/Ta. | =" 
Tantalum. Iron. Tantalum. Tron. . 
LXN 10 2-22 1-30 63-1 36-9 1-9 3:5 
IXN 6 3-15 1-85 63-0 37-0 1-9 5-0 
ILXN 7 4-0 2-3 63-5 36-5 1-9 6-3 
LXN 20 5:5 2-96 65-0 35-0 1-8 8-5 
LXN 25 7-0 4-1 63-1 36-9 1-9 11-1 
LCB 9-7 6-5 59-9 40-1 2-2 16-2 
Lcc 11-1 7-45 598 | 40-2 2-2 18-6 
LXN 26 16-5 12-2 57°5 42-5 2-4 28-7 
LXN 31 22-4 16-2 58-0 42-0 2-4 38-6 
LXN 21 25-1 18-3 57:8 42-2 2-4 43-4 
LXN 32 32-3 23-6 57:8 42-2 2-4 55-9 
LXN 27 33:3 | 25-0 | 57-1 42-9 2-45 | 58-3 
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Jellinghaus, and from the evidence of the phase distribution above 
61% tantalum given by a number of alloys, it is concluded that 
only Fe,Ta (or epsilon solid solution) occurs in the system. 

It was found by experiment that on attacking the annealed 
alloys with 20% hydrochloric acid, the whole of the tantalum except 
a trace remained in a dark-coloured insoluble residue. Analysis 
of the residue from a number of alloys showed that the proportion 
of tantalum to iron was roughly constant. Table II. gives the 
results from twelve alloys. Up to a tantalum content in the alloy 
of 7% the composition of the insoluble residue corresponded closely 
to Fe,Ta. In the higher tantalum alloys the proportion of iron was 
appreciably higher, but this is probably accounted for by the large 
amount of eutectic present and the consequent difficulty of com- 
pletely separating the iron. The results as a whole confirm the 
microscopic indications that the compound formed in tantalum- 
iron alloys up to 60%, tantalum is Fe,Ta. Although the cored 
structure of the 61-2% alloy in the cast condition indicates that the 
compound may not exist in the alloys in the pure state, but as 
epsilon solid solution, the absence of high values for iron in the 
chemical tests on the low-tantalum alloys would suggest that the 
epsilon range of composition of this solid solution is small. 

The solution by 20% hydrochloric acid of low-tantalum alloys in 
the quenched condition, containing the tantalum in solid solution, 
showed a feature of chemical interest, in that the insoluble matter was 
white in colour and consisted of Ta,O;. It would appear that the 
solid solution is completely soluble in hydrochloric acid, the tantalum 
chloride subsequently undergoing hydrolysis. For this reason, 
quantitative separation of Fe,Ta from the alloys is liable to be 
affected when other than annealed material is used. 

The Phase Diagram.—A phase diagram constructed from the 
results of the present work, indicating the character of the tantalum- 
iron system, is given in Fig.4. The system is apparently of complex 
type, comprising two eutectics, one of the 8-iron solid solution with 
Fe,Ta (epsilon) at about 20% tantalum, and the second of Fe,Ta 
with tantalum at about 80% tantalum. Alloys containing up to 7% 
tantalum solidify as a uniform 8-iron solid solution, which on cooling 
is resolved, at 1220° C., into a eutectoid containing 4:5% of tantalum 
and composed of y-iron containing 3% of tantalum in solution, 
plus Fe,Ta. The gamma field couttenehe with decreasing tempera- 
ture (Fe,l'a being precipitated on cooling alloys containing more 
than 0-6°% of tantalum). 

The limit of the gamma field at 1220° C. and the approximate 
course of the solubility line of tantalum in y-iron was fixed by 
microscopical evidence. An alloy containing 0-85% of tantalum 
quenched at 1300°, reheated to 1150° C., and quenched, showed 
traces of precipitated Fe,Ta, and the limit of solubility of tantalum 
in y-iron at 974° is probably not more than0-6%. The heating curve 
does not show an arrest at 974° until 1% of tantalum is reached, but 
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results obtained from cooling curves would permit the constant 
temperature of the gamma to alpha inversion to be extended to 
less than 0-7% of tantalum. 
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Fic. 4.—Phase Diagram of the Iron-Tantalum Alloys. 


An alloy containing 0-7% of tantalum quenched from 960° C. 
(Fig. 32) has more precipitated Fe,Ta than the same alloy slowly 
cooled (Fig. 33). It also shows more than an alloy containing 
0-85% of tantalum quenched from 900° C. (Fig. 34), suggesting that 
the solubility of tantalum in y-iron at 960° is less than in «-iron at 
900° C. The forms of the alpha-gamma region and of the solubility 
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line of tantalum in y- and in «-iron are thus in accordance with micro- 
scopical evidence. The application of the microscopical method to 
the determination of the phase boundary, as already mentioned, was 
uncertain owing to the difficulty of distinguishing fine particles of 
the tantalum-rich constituent from minute inclusions. Thus, a 
specimen with 0-17% of tantalum quenched from 900° C. was not 
entirely homogeneous (Fig. 35), but on reheating to 700° there was 
no change in hardness or microstructure. A 0-39% tantalum alloy 
quenched from 1250° C., however, showed slight temper-hardening 
after reheating to 700° (see Table III.), and some precipitation 
probably occurred at that temperature. 

Hardness of the Tantalum-lron Alloys Diamond hardness tests 
(Vickers) were made on small sections of the alloys after annealing 
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Fie. 5.—Vickers Hardness Numbers of Tantalum-Iron Alloys. 





by slow cooling from 1250° C., and after quenching in cold water 
from 1250° C. The results, given in Fig. 5, show that successive 
additions of tantalum produce a progressive increase in hardness 
up to a maximum of about 700 at a content of 61-2% of tantalum. 
The rate of increase in hardness is not constant, and is most rapid 
at 0-7°% and 30-40% tantalum. The effect of quenching is to raise 
appreciably, but not greatly, the hardness of the alloys containing 
up to 35% tantalum, by increasing the amount of tantalum in the 
8-iron solid solution, which, above 7% tantalum, forms one con- 
stituent of the eutectic. With more than 35% of tantalum the 
proportion of Fe,Ta (epsilon) in the structure is large, and quenching 
produces no sensible change in hardness. The hardness curve of 
the quenched alloys is similar in form to that of the annealed alloys. 

Determinations made on the chill-cast alloys gave values similar 
to those of the quenched specimens for compositions between 0 and 
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7% tantalum, and similar to those of the annealed specimens 
between 25 and 60% tantalum, the hardness between 7 and 25% 
being approximately constant. 

Temper-Hardening of Low-Tantalum Alloys ——The form of the 
gamma and alpha phase boundaries of the tantalum-iron system 
indicated the possibility that the alloys containing between 0 and 
7% of tantalum might be capable of hardening by precipitation of the 
epsilon constituent from supersaturated solid solution. ‘The curves 
depicted in Fig. 5 showed that the hardness of the supersaturated 
alpha phase (quenched specimens) was not greatly higher than that 
of the annealed alloys. 

Experiments were made on a number of alloys by quenching 
from 1100° and 1250° C., and reheating at various temperatures. 
The results of hardness tests after the treatments are given in 
Table III. These show that a slight degree of temper-hardening can 
be obtained, but the maximum hardness is low compared with that 
given by other temper-hardened alloys, and is of no practical 
significance. The fact that the supersaturated solid solution is 
stable up to a temperature of 600° C. is an interesting feature. 


Taste III.—Temper-Hardening of Tantalum-Iron Alloys. 


Vickers Diamond Hardness Number. 


Tantalum | 





Content. | | Reheated at 700° C. for— Reheated at 
Ww.Q. | 750° C. for— 
| 1250° C. | | 7 i ~ 7s ee es ” 

} hr. 1 br. 1} hr. 2 hr. 3hr. | Shr. 1 br. 2 hr. 
0-39 93 | 100 | 94 | 93 | 96 | 100 | 102 | 92 93 
0-85 | 96 | 96] 114 | 114 | 121 |] 119 | 122 | 113 | 126 
1-60 125 | 133 | 129 | 162 | 150 | 149 | 159 | 140 | 153 

40 | I | 2a]. |e. mw iat ae SS] 

Si 1-2% | | 


Cementation Tests.—In view of the work of Laissus “ on cementa- 
tion, a number of similar experiments were made in connection 
with the metallographic examination of the alloys. Finely powdered 
ferro-tantalum containing tantalum 41-2, niobium 39-0, and carbon 
0-02°%, was crushed to 100 mesh, packed into small hollow cylinders 
of mild steel and Armco iron, and sealed in with alundum cement. 
The cylinders were then heated at various temperatures up to 
1300° C., for various times up to 14 hr. Though some,reaction took 
place, it was not found possible to confirm the cementation results 
described by Laissus. A bright metallic deposit found on the 
internal surface gave the chemical reactions of tin, but with no 
indication of tantalum. Tin was present as an impurity in the 
ferro-tantalum. Consequently a pure alloy containing 70°, of 
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tantalum and 30% of iron was made and used as the cementing 
material in a further series of tests. The results were again negative. 


Part II.—CarBon STEELS ConTAINING TANTALUM AND 
NIOBIUM. 
Preparation of Steels. 

Four series of steels of different carbon contents, comprising 
in all twenty-nine alloys, were melted in a high-frequency furnace 
and cast into ingots of about 10 lb. in weight. The ranges of 
composition covered by the alloys were : 


, 034-0-48% x - 1-05-19-1%, 
»  0°86-0:96% ,, a ‘i 0-25-12-8%, 
»  112-1-20% Ki . 2-2 -18-0%, 


The ferro-tantalum used in the preparation of the steels was the 
commercial alloy (obtained from Messrs. Blackwell) and contained 
tantalum 41-2, niobium 39-0, and carbon 0-02%. 

Other samples of ferro-tantalum from the same source contained 
63-67% of tantalum with 11-15% of niobium and 9-11% of iron. 
The impurities in the material were mainly manganese (5-6%), 
aluminium (1%), silicon (1%), and tin (2-3-5%). 

There was a large loss of tantalum and niobium on melting, 
occasionally as high as 50%. This is decreased, however, by melting 
in non-siliceous refractories. The molten steel oxidised rapidly 
at the high temperatures required for melting, and erosion of the 
sillimanite crucibles was considerably greater than with ‘ordinary 
steels. 

The tantalum and niobium passed together into the steel, and in 
this section “tantalum” is intended to imply tantalum plus 
niobium. 

The ingots, 12 in. in length and 2:5 in. in dia., were forged square 
to 1 in. and finished to 0-8 in. round bar. Forging gave no difficulty 
with the steels containing up to 13% of tantalum. It was observed, 
however, that as the tantalum content increased the steel became 
much less plastic and forged stiffly. This was especially noticeable 
with the 13% alloy, and suggested the possibility of the steels having 
good mechanical properties at high temperatures. 

Forging was difficult with the steels of higher tantalum content, 
and swaging was used to obtain bars from the ingots containing up 
to 20% of the metal. The bars, however, all contained central 
fissures due to forging. The remaining alloys were unforgeable and 
cracked badly in the initial stages. 


Thermal Analysis of Steels Containing Tantalum plus Niobium. 


The critical points were determined by means of a platinum; 
platinum-rhodium thermocouple and Carpenter-Stansfield potentio- 
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meter, used in conjunction with a Rosenhain plotting chronograph. 


The rate of heating employed was 6° to 10° C. per min., and of cooling 
8°to4°C. permin. The results are given in Table IV., together with 


TaBLeE IV.—Critical Points of Steels Containing Tantalum. 




















Heating. Cooling. 
Tantalum Max. 
Steel | Carbon. 4 N io- Temper- 
| oe bium, : , Acs Ac; ature. Ary 
| | % > ae a ee ey 
. P a, oO. i at, be 
KJH 0-04 | 0-35 | 772 | 930 941 | 1035 | 901 | 763 
| KJJ 0-05 1:50 | 770 979 986 | 1045 | 914 | 763 
KAC | 0-05 4-0 767 | 947 ... | 1000 | 895 | 761 
KAB | 0-05 8-1 | 761 | 938 | 990 | 860 | 756 
KAA | 0-07 | 13:2. | 759 | 927 ... | 997 | 835 | 754] ... | 
KXV | 0-04 | 17-0 | 747 | 894 Meee ee ee ... | 643 
KHF 0-07 | iY as oe 752 No point 1068 | 861 | 748 sai 
KAE 0:05 | 44-7 sie No points 1000 | No points 
| CS eS ee ek : | a a 
KJK | 0-34 | 1-05 | 746 | 760 | 850D) ... | 1020 | 795 | 764 | 708 | 
KJL | 0-38 3:10 | 755 | 766 | 920D, ... | 1045 | 858 | 761 | 693 | 
KJM | 0-40 | 655! ... | 764 954 | 963 | 1050 | 881 | 755) ... | 
KHG@ | 0-40 | 16-6 750/914 | ... | 1050) ... | 749 | 642 | 
KXX | 0-43 | 19-1 743 | 880 ve | 1050 | -... <3) | 3382 
KAM] 0-95 | 0-25 742 762| 900| ... | ... | 713 | 
KAG | 0-89 | 0-55 739 750°] “900'| «.. | .. | 709 
KAF | 0-86 | 0-90 | 742 768 1 O10 |... | «x. | 799: 
KAH | 0-95 | 2-10 | 742 768 | 905] ... | ... | 710| 
KAJ | 0:95 | 3-05 | 740 769 | 905| ... | ... | 706 
KLN | 0-87 3-80 749 767 | 1050} ... x te 
KAK | 0-89 5-05 739 is, 759 | 910| 742) ... | 686 
KLH | 0:96 5-40 748 780D) «.. 1016 | 734 ..- | 692 
KLJ | 0-86 7-20 752 878D| ... | 1020] ... | 752 | 670 
| KAL | 0-86 | 12-80 749 949 | 959} 990 | 873 | 748] . 
KXY | 1-14 2-2 eee (| oe 750 | 1050 | 702 | ... | 700 
KXZ | 1-12 8-8 Co te 762 | 1050 | 724| ... | 674 
KLK | 1-20 | 180 Lt ace HOOD "3. | 19B0 No points 


D indicates determinations from differential dilatometer curves. 


the compositions of the steels, and are shown graphically in Fig. 6. 
Dilatometric measurements were also made (with Chevenard 
dilatometers), and in four steels, when the method of thermal 
analysis failed to detect the critical point, its position was established 
by the dilatometric curve. The addition of amounts up to 1:5% of 
tantalum to steel containing 0-05°% of carbon raised the Ac, point. 
With higher tantalum contents, up to 17%, the temperature of the 
arrest on heating fell gradually from 950° C. to below 900° C. The 
Ac, point showed a slight fall with increasing tantalum content. 
In the steels containing 0-40% of carbon the temperature of Ac, 
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was at first raised progressively, but a larger amount of tantalum 
was required to produce a given rise than in the 0-05% carbon 
steels. A content of 6-5°% of tantalum was necessary to raise the 
Ac, point to 963° C., and the gamma field, which in the pure alloys 
terminated at below 1-0%, was thus extended by the presence of 
carbon. A definite Ac, point was observed only in the steels 
containing up to 3-1% of tantalum. 

In the steels containing 0-90°% of carbon, and less than 5%, of 
tantalum, a large single critical point, Ac,.,, occurred fairly con- 
stantly at about 760° C. The steels of higher alloy content showed 
two points, an Ac, constant throughout the series at 760—750° C., 
and an Ac, point rising with increase in tantalum content to 960° C. 
at 13%, indicating the progressive extension of the gamma field 
with increase in carbon content. 

CARBON 090% 


CARBON 0:05 %. CARBON 0:40“ 
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lic. 6.—Critical Points of Carbon Steels containing Tantalum -}+ Niobium. 


Steels containing about 1-1°% of carbon were generally similar to 
the 0-9% carbon series, except that a still higher tantalum content 
was required to produce the same effect on the critical points. 

The position of the A, point was determined magnetically in 
some of the steels. The results, given in Table V., confirm those 


TABLE V.—Magnetic Determinations of the A, Point. 


Heating. Cooling. 
Casoe ‘Tantalum 

Mark. o% j Niobium. Upper Point. | Lower Point. | Upper Point. | Lower Point. 

C. |Defi'tn.| °C. |Defi’tn.; °C. |Defi'tn.) ° C. |Defi’tn. 
KAC 0-05 4-0 763 | 36 766 | 35 
KAB 0-05 8-1 750 41 752 28 
KAA 0-07 13-2 754 35 755 26 
KAD 0:05 21-3 747 = 336 745 | 39 aa eee 
KAG 0-89 0-55 734 35 734 13 | 698 23 
KAF 0-86 0-90 742 37 eee ae was xT Sa 
KAH 0-95 2-10 747 3 iss ied 771 4 | 709 33 
KAJ 0-95 3:05 737 37 ~ is 749 9 | 701 28 
KAK 0:89 5-05 755 36 ea Gi - sed se aon 
KAL 0-86 12-80 757 32 | 702 4 755 21 691 15 
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obtained by thermal analysis, and show, in addition, the presence 
of a second magnetic change point on the cooling curve of the steels 
containing 0-90% of carbon. 


Microstructure. 

Steels with about 0-05% of Carbon.—The structures of these steels 
were essentially similar to those of pure tantalum-iron alloys, 
showing a ferrite ground-mass with particles of hard compound. 
That of the 4% tantalum steel is shown in Fig. 36 (Plate XX XT_.). 
In the forged steels the eutectoid was broken up, the whole of the 
compound appearing as uniformly distributed small globules. 
Beyond a tantalum content of 16%, primary compound (epsilon) 
was present, as in the pure alloys previously described. The 
structure of the 21-3% alloy is shown in Fig. 37. Solution of the 
compound occurred similarly on quenching from high temperatures. 
The change in structure of the 8-1% alloy on quenching from 1150° C. 
is shown in Figs. 38 and 39. 

Steels with about 0-4% of Carbon.—The effect of only 1% of 
tantalum was to reduce considerably the proportion of pearlite in 
the steel, the structure consisting mainly of ferrite grains containing 
distributed fine particles of another constituent (see Fig. 40). Very 
little pearlite was observed in the 3% tantalum steel, and with 
6-6% or more of tantalum the structures were similar to those of the 
carbonless alloys (see Fig. 41). Quenching from 1150° C. produced 
areas of martensite in the 1% tantalum steel, but none in those 
containing higher percentages (see Figs. 42 and 43, Plate XX XIT.). 

It would appear that, on the addition of sufficient tantalum to 
carbon steel, the carbon combines preferentially with it, any excess 
tantalum producing an alpha-epsilon alloy, as in the tantalum-iron 
system. 

Steels with about 0-9°%, of Carbon.—In these steels, the structures 
confirmed that the equilibrium Ta + Fe,C == TaC + Fe exists 
over only a short range of tantalum content, beyond which Fe,C 
is not formed. The structure of the 3% tantalum steel (see Fig. 44) 
contained little more pearlite than a plain 0-5% carbon steel, and 
the uniform martensite given by quenching contained an insoluble 
constituent, apparently harder than martensite and probably 
consisting of a tantalum carbide (see Fig. 45). With 7% of tantalum 
present in the steel, only traces of pearlite were observable (see 
Fig. 46), and with 12-8% of tantalum (Fig. 47) the structure re- 
sembled that of a carbonless iron alloy of slightly higher tantalum 
content. In this steel, after quenching from 1150° C., a structural 
distinction could be made between the undissolved epsilon particles 
(excess tantalum) and the areas of carbide. The structure is shown 
in Fig. 48 (Plate XX XIII.). 

Steels with about 1-2% of Carbon.—This series confirmed the 
indications given by the steels of lower carbon content. With 
2-2% of tantalum present the structure was similar to that of an 
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ordinary hypo-eutectoid carbon steel of about 0-6°% carbon content 
(see Fig. 49). With the addition of 18% of tantalum no pearlite 
was present (Fig. 50), and the quenched structure showed, in addition 
to excess compound (epsilon), areas of the hard carbide constituent 
(Fig. 51). 

Constitution of the Tantalum-Niobium Steels. 

The state in which carbon exists in tantalum steel appears to 
depend on the proportion of tantalum present. Up to a certain 
concentration of tantalum in relation to the carbon content, an 
equilibrium appears to exist between «-iron, iron carbide, tantalum 
carbide (or mixed carbide), and tantalum (as Fe,Ta or epsilon phase). 
Above this concentration, Fe,C is not formed, and the structure 
contains only «-iron, the epsilon constituent and tantalum carbide ; 
the thermal evidence is in agreement with these. conditions. The 
constitution of such steels may, therefore, be assumed to be essentially 
similar to that of the pure iron-tantalum alloys, except for the 
additional carbide constituent, which appears to be insoluble and 
to take no part in changes brought about by heat treatment. In 
view of the connection made in this way between the tantalum-iron 
alloys and the steels containing both tantalum and niobium, it 
would seem probable that niobium is in many respects similar to 
tantalum in its structural effect on carbon steels. The thermal 
changes which occurred in the steels were also mainly in accordance 
with the indications given by those of the pure tantalum-iron alloys. 

The structures of the medium- and high-carbon tantalum steels 
would suggest that the preferential combination of carbon with 
tantalum occurred before or during solidification of the steel. To 
determine whether a reaction was possible in the solid state, three 
alloys were carburised for 6 hr. at 1000° C. in case-hardening paste. 
The absorption of carbon was apparently normal in each case, and 
independent of the tantalum content, indicating that no reaction 
between tantalum (as Fe,Ta) and iron carbide occurs at temperatures 
below 1000° C. 


Brinell Hardness of Carbon Steels containing Tantalum plus Niobium. 


Brinell hardness measurements were made after the steels had 
been subjected to various heat treatments, with a 5-mm. ball and 
750-kg. load. The results, given in Table VI., and in Figs. 7, 8, and 
9, show that in the low- and medium-carbon steels, in the annealed 
condition, the addition of tantalum produces an increase in hardness 
roughly proportional to the amount added. In the 0-90°% carbon 
series no such increase in hardness occurs, since the hardening effect 
of the tantalum is neutralised by its suppression of the formation 
of pearlite. 

Only the high-carbon tantalum steels gave a high hardness 
when quenched in iced brine from 1130° C., and then only when the 
alloy content was below 4%. Above this limit, owing to the pre- 
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Fic. 7.—Effect of Tantalum + Niobium on the Brinell Hardness of 0-05% 
Carbon Steel. 
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ferential formation of tantalum carbide, the concentration of carbon 
in the martensite was rapidly reduced, and with it the hardness of 
the quenched steel. Tantalum carbide is apparently insoluble in 
the alpha and gamma phases, since the hardness of the 13% tantalum 
steel was below 300 after quenching from 1130° C. 


T'emper-Hardening. 

The low-carbon tantalum steels were slightly increased in 
hardness when tempered for | hr. at 550° C. after quenching from 
1150° C., but the increase was small under these conditions. Tests 
on the pure tantalum-iron alloys would suggest that the maximum 
possible degree of temper-hardening obtaining is not large. 


Densities of the Steels with about 0-05% of Carbon. 

Densities were determined by weighing in air and in water on 
specimens measuring 2-0 in. long by 0-65 in. in dia., air-cooled after 
heating for 1 hr. at 900° C. The values obtained, given in the last 
column in Table VI. and in Fig. 10, indicate a steady increase in 
density with increasing tantalum plus niobium content. 


TasLeE VI.—Brinell Hardness of the Heat-Treated Steels : Density. 


























| ‘Tantalum Quenched | Quenched 
arask Carbon. Normalised Annealed } in Iced | 1150° C. Density 
x = | Niobium. 1050°C, | 1100°C. | Brine | Tempered 7; 
%. } 1130° C. 550° C. 
KJH | 0-04 0-35 | 90 | 117 | 184 | 201 7-847 
KJJ | 005 | 15 112 115 200 | 215 | 17-873 
KAC | 005 | 40 132 121 212 | 219 | 7-909 
KAB | 0:05 | 8&1 183 163 253 | 273 7-936 
KAA 0-07 13-2 257 | 220 302 | 318 8-046 
KXV | 0-04 | 17-0 316 294 326 | 334 8-204 
KHF | 0:07 | 186 | 335 271 348 | 367 8-076 
KAD | 0:05 | 21:3 312 301 341 | 349 | 8116 
KAE | 0-05 | 44-7 595 Je a ee 8-751* 
KJK | 0:34 1-05 141 117 180 | 182 
KJL | 038 3-1 154 138 ig} | 191 
KJM | 0-40 | 655 | 188 54 | 201 | 215 
KHG@ 0-40 | 16-6 308 280 | 317 | = 325 
KXX | 0-43 | 191) | 315 301 336 | 324 
KAG | 0:89 O55 | 241 230 | ws | as 
KAF 0-86 09 | 214 | #218 | 617 voce 
KAH | 0-95 2] 226 212 620 | 346 | 
KAJ 0-95 3-05 208 219 613 | 345 | 
KLN | 0-87 3-8 | 194 ee ees ae mice 
KAK | 0-89 5-05 | 200 208 | 512 | 314 
KLH 0-96 54 | 208 | 182 | 583 | is 
KLJ 0:86 72 | 191 | 166 | 368 |... 
KAL | 0-86 128 | 191 | 179 | 255 265 
KXY 1-14 22 | 253 | 242 | 590 | so. 
KXZ.| 1-12 8-8 | 237 220 | 467 | 347 
18-0 238 238 304 311 


KLK | 1-20 


* Material unworkable, density measured on ingot fragments. 
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Fic. 10.—Effect of Tantalum -+- Niobium on the Density of 0-:05% Carbon 
Steel. 


Mechanical Properties at Ordinary and High Temperatures. 

Examination of the mechanical properties of the tantalum steels 
was limited by the small amount of material available. Tensile 
tests were made, on nine steels representative of the different ranges 
of carbon content used, at atmospheric temperature and at 500° C. 
The test-pieces were 0-15 sq. in. in cross-section, with a parallel 
length of 2-5 in. The high-temperature tests were made in an 
Avery 15-ton machine fitted with a suitable electric tube furnace, 
and the rate of application of the load was that normally used for 
ordinary tests. The results are given in Table VII. 


TaBLE VII.—Mechanical Properties of Tantalum Steels at Ordinary 
and High Temperatures. 


Limit of | | | 

















| Temper- Carbon. | ——_ — | — | — Elongation Reduction 
| ature. %: | bium. To ss *.y | Lons per | Tons per sl 1°5 in. | of Area. 
} U. %, al gill (a sq.in. | f° ” 
| | a | 8q. in. 1 o) cm. | | 
—— = ——— a . [- — aad 3 an = - 2s 
- 0.2 99.1 F are) 
| sik |} ooe | oss {| | 92 | iss | 3s | ts 
| € | ve ore | or ‘ 
| rt | 9.¢ 90.¢ Qn "oOo 
| 500 [fo | 26 1 | "se | io7 | a2 | as 
: x | 9.4 ¢ Rar a« 4 
| soo [so | 404] = | too | oo | de | oe 
ree | on S| 32-0 43-6 9 | 17 
500 0-05 Pea | 27-9 | 31-7 | 12 | 98 
F | 937.¢ 57es 2 
ae f 0-07 13-2 37-9 57:3 3 3 
15 |) | (| 20 | 430 | sae | 73 | OY 
, 0-04 | 17-0 Broke in threads 
500 || a. 2 40 49-0 “ae 
Ti | (| 20 | 21-0 33-3 25 13 
soo |s 38 deh | ee eC 19-8 | “43 72 
ao Th /| es 35:9 | 23 48 
soo js O40 me at fs 19:9 | 268 19 | 36 
15 . (| 18 20-0 30-3 6 | 8 
aa | 14-0 | 22-8 15 | 32 
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These tests show the marked influence of tantalum in reducing 
the fall in the strength of steel at high temperature. The properties 
of the steel containing 0-04% of carbon and 17% of tantalum at 
500° C. were remarkably good, and are of the same order as those 
given by nickel-chromium alloys (see Journal of the Iron and Steel 
Institute, 1930, No. I., p. 256) under similar conditions. The high- 
tantalum steels, however, were found difficult to manufacture, and 
frequent failures occurred in forging. These steels are, therefore, not 
promising from the point of view of industrial use. 


Corrosion Tests. 

Small discs of each of the steels containing tantalum and niobium 
were suspended vertically and submitted to an intermittent salt- 
water spray test, with a 3% salt solution, for a period of ten weeks. 
Little difference in the behaviour of the specimens was observed 
visually, but gravimetric determinations of the extent of corrosion 
showed a slight and gradual decrease with increase in tantalum 
content. The corrosion of the 17-22% tantalum steels was about 
half that of the plain carbon steel specimens included in the tests. 

In outdoor corrosion tests in a semi-industrial atmosphere the 
effect of tantalum was less marked, and there appeared to be no 
distinct relation between the tantalum content and the rate of 
corrosion. 

On the whole, no pronounced corrosion-resisting properties were 
shown by any of the tantalum steels. 

Tests of acid resistance were not made. In view of the ease 
with which low-tantalum steels were etched with nitric acid in 
alcohol and the successful use of hydrochloric acid attack in separat- 
ing the constituents of the tantalum-iron alloys, there appears to be 
little doubt that only the alloys consisting largely of Fe,Ta (epsilon 
solid solution) are markedly resistant to acids. 


Part IIJ.—Nicket STEELS CONTAINING TANTALUM AND NIOBIUM.* 


While the study of tantalum as an alloy steel element has not 
yet been extended to the systematic examination of ternary iron 
alloys, some data are available from an investigation carried out 
with the object of studying the effect of tantalum on the properties 
of a constructional 4% nickel steel. The steel was made on the 
works scale in a 500-lb. high-frequency induction furnace, the 
special elements being introduced as ferro-tantalum containing 
approximately 78% of tantalum plus niobium (tantalum 65%, 
niobium 13%). In practical manufacture, in steel-melting crucibles 
of the usual type, it was found that if the ferro-tantalum was added 
with the charge, at least four-fifths of the tantalum passed into the 


slag, which contained 38% of tantalum and niobium oxides calcu- 
* Based on the work of J. A. Jones.‘ 


1936—ii oO 
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lated as Ta,O;. Even when the ferro-tantalum was added about 
5 min. before casting there was a loss of 50% of the tantalum. A 
charge to which ferro-tantalum equivalent to 3% of tantalum plus 
niobium was added just before casting gave a steel containing 1-75% 
of tantalum plus niobium, the loss of tantalum being 45%, and of 
niobium 26%. The properties of this steel, and of one containing 
0-56% of carbon and 0:3% of tantalum, were compared with those 
of tantalum-free crucible steels of similar carbon and nickel contents, 
with either the same or a higher percentage of manganese. Complete 
analyses of these steels are given in Table VIII. 


TasLe VIII.—Chemical Analyses of Nickel and Tantalum-Nickel 










Steels. 
Type of Steel: | Crucible Steels. H.-F. Furnace Steels. 

| Steel No. : | @ | @ | ©. ay aa. 

| Mark : | JAQ. GDS. HZM. } AVF. | HVG 

| Carbon. % . . | 0-30 033 | 028 | 056 | O56 | 
Silicon. % . : 0:06 |; 008 | 0-20 | 0-09 | 0-14 
Manganese. %  . 0-38 =| 0-80 0-38 0-46 #=| 0-42 
Sulphur. %. : C021 | 0-042 0-010 | 0-013 | 0-013 

| Phosphorus. % . 0-010 | 0-018 0-025 | 0-022 | 0-022 
Nickel. % . -| 412 | 412 | 386 | 4-13 4:12 
Tantalum. % : Dit dd: al - | Ss Nil 0-24 
Niobium. % ‘ Nil Nil | 0:37 | Nil | 0-06 





The tantalum and niobium together amount to 1-75% and 0-30% 
in steels (3) and (5), and subsequently, in this paper “ tantalum ”’ 
is intended to refer to tantalum plus niobium. 

Critical Ranges.—The critical ranges were determined by means 
of a platinum/platinum-rhodium thermocouple and Carpenter- 
Stansfield potentiometer, used in conjunction with a Rosenhain 
plotting chronograph. The results (Table IX.) indicate that 
tantalum raises the temperature of Ac, and Ac. In the steel con- 


TaBLE 1X.—Critical Ranges of Nickel and Tantalum-Nickel Steels, 
Containing 4°% of Nickel. 


Composition. | Heating. | Cooling. 


| l | 
Steel No. | | | Ac, °O. | Ac,. °C.| Ar,. °C. Az; *0 | 
Carbon. Tantalum.| Fate ss c jes | . y 

o 9 | 


| | 


| | | | 
Beginning.|Maximum.| End. Beginning. 

















| | 
| nam. |Masimum.| End. 
| () | 030 | Nil | 681 694 | 755 | 642 | 593 553 
| (3) | 0-28 | 1-75 | 689 | 706 | 775 | 671 | 655 | 625 
(4) | 0-56 | Nil | 683 | 692 | 721 | 604 | 590 | 552 
(5) | 0-56 | 0-30 | 687 | 696 | 728 | 618 | 592 | 554 | 
| | | 


~ 
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taining 1-75% of tantalum Ac, was raised by 12° and Ac, by 20°, 
and the 0-3°% of tantalum had a proportional effect. On cooling, 
the Ar, point was similarly raised, but 0:3° of tantalum had no 
appreciable effect on Ar,, though with 1-:75%, of tantalum the maxi- 
mum of the Ar, arrest occurred at a temperature 62° higher than in 
the corresponding steel containing no tantalum. 

Effect of Rate of Cooling on Hardness.—Hardness tests were made 
on small pieces (1 in. x }in. x 3 in.) cooled from 850° and 1150° C. 
at different rates through the critical range, and the microstructures 
were examined. No modification of the microstructure or hardness 
was observable in steels (4) and (5) as a result of the addition of 
03% of tantalum. Even with the addition of 1-75% no pro- 
nounced changes were evident. The microstructure of all the air- 
cooled specimens showed sorbitic pearlite, and though there was a 
slight increase of hardness due to the increased alloy content, there 
was no tendency towards air-hardening even after cooling from a 
high initial temperature. The hardness of the quenched steel 
containing tantalum was slightly reduced owing to the formation 
of tantalum carbide, which does not go into solution in the y-iron. 
This is made evident in Table X. 


TaBLE X.—Effect of Tantalum on the Hardness of 4°, Nickel Steel. 


| 
| | Brinell Hardness Numbers of Steels Cooled from 
850° C, in— 
Steel Carbon, | Tantalum. 
No, | %. %- : 
| Water. Oil. Air, |, Furnace 
|(10° per min.). 
(1) 0-30 Nil 479 414 183 | 159 
(3) 0-28 1-75 426 407 252 219 








Effect of Heat Treatment on Mechanical Properties —Brinell 
hardness tests on specimens of different sizes, after various treat- 
ments, showed that the rate of tempering was greatly diminished 
by the presence of 1-75% of tantalum, and that tantalum had some 
influence in reducing the effect of mass in heat treatment. In each 
case, however, the properties of the tantalum-nickel steel were 
intermediate between those of a similar nickel steel without tantalum 
and one with slightly higher carbon and manganese contents. 
(Table XI.) 

The results of mechanical tests (Table XII.) indicate that the 
addition of 0:3°% of tantalum to a 4% nickel steel containing 0-56% 
of carbon has a small effect in raising the yield point, but this rise 
is accompanied by a slight fall in the impact figure. 

Considerably improved properties were obtained by the addition 
of 1-75% of tantalum, but in comparison with other steels treated 
to give the same tensile strength (except for a considerably higher 
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TaBLE XI.—Brinell Hardness of Nickel and Tantalum-Nickel Steels 
after Various T'reatments. 


Brinell Hardness Number. 
| 





Specimens 1 x 4 x 4 in., W.Q. 850° C. and Tempered | 
for } hr. at— 





| 
five ee (pe l l 
{Steel} C. | Mn. | Ni, | Ta. | et 200° | 400° | 500° | 550° | 600° | 630° | 
| oe ee eae % | % Iperea.| & | © oO. Qheril re: C. 
| | . | 


(1) | 0-30 | 0-38 | 4-12 | Nil | 479 | 460 | 339 | 278 | 252 | 224 | 210 
'(2) | 0-33 | 0-80 | 4-12 | Nil | 526 | 480 | 348 | 315 | 289 | 263 | 260 
| (3) | 0-28 3-86 | 1-75 | 426 | 424 | 338 | 302 | 298 | 284 | 269 | 


| | | | | | 


oo 
io 


| Specimens 5 x 13 x 2 in., O.Q. 850° C. and Tempered | 
for 2 hr. at— 


| ; | | 
| 





Tasmerea | 400°C. | 500°C. | 550° 0. | 600°C. 
/(1) | 0-30 | 0-38 | 4:12 | Nil | 220 | 220 197 196 186 
(2) | 0-33 | 0-80 | 4-12 | Nil 447 348 301 272 253 | 
(3) | 0-28 | 0-38 | 3-86 1-75 350 316 288 281 266 | 
Specimens of Different Cross-Section 0.Q. 850° C., 
Not Tempered. | 
| 
4x din. 2 x # in. 2 x 12in. | 1} x 1} in. | 
(1) | 0-30 | 0-38 | 4-12 Nil 413 266 220 211 
(2) | 0-33 | 0-80 | 4-12 Nil 493 478 447 367 
(3) | 0-28 | 0-38 | 3-86 


S| 1-75 407 383 350 308 


impact figure) its properties were only slightly superior to those of a 
4% nickel steel containing 0-8% of manganese (Table XIII). 
Temper-Brittleness.—F or the purpose of determining the suscepti- 
bility of the steels to temper-brittleness, two rates of cooling after 
tempering at 600° C. were employed, one test-bar of each steel 
being quenched in water from this temperature and the other 
slowly cooled in the furnace at a rate of 0-3° C. per min. The ratio 
of the impact figure of the quickly-cooled material to that of the 
slowly-cooled material is taken as a measure of the susceptibility 
of the steel to temper-brittleness. The results are given in Table 
XIV. and indicate that the addition of tantalum to a nickel steel 
induces considerable susceptibility to temper-brittleness. A small 
charge of this steel was remelted and divided into three portions. 
The first was cast without any additions, molybdenum was added 
to the second, and aluminium to the third. Remelting was found 
to have reduced the tantalum content to 1:3°%. The ingots were 
forged to 3 in. square bars, which were tested for susceptibility to 


, 
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TaBLe XIV.—Effect of Rate of Cooling after Tempering on the Impact 
Figure of Oil-Hardened and Tempered Steel. 


O.H. 850° C. 




















oa T.2 hr. at 600°C. | 

Composition, as | 

Steel Coolea— | | 

ye ny i ee Seis Aa ip eae ee Ss | | 

eon P aysss | Ratio. | 

C. Mn. | Ni. Al or Cr. Mo. | Ta. In At 0-3° 

%. 1 Sl % %- | %. | Water. |per Min. | | 
(1) | 0-30 | 0-38 | 4-12 75 | 72 | 1-0 
(2) | 0-33 | 0-80 | 4-12 ‘a 50 39 1-3 
| (3) 0-28 | 0-38 | 3-86 ve | 1-75 59 28 | 2-1 
{ 0-29 | 0-26 | 3-91 | <5 .. | 1:04 52 19 | 27 
| (3) * 4] 0-26 | 0-33 | 3-87 | AlO-81/ ... | 1-30 Be 20 | 27 
| | 0:29 | 0-30 | 3-84 | .. | 0-68 | 1-20 33 13. | 2-5 
| | 0-28 | 0-22 | 3-72 | Cr 0-64 | 0°35 | 42 437| 1:0 

* Remelted. + Tempered 2 hr. at 650° C. 


temper-brittleness in the same way as the other steels. From the 
results (Table XIV.) it is evident that aluminium, as used in the 
nitriding steels (see Part IV.), has no influence in preventing temper- 
brittleness, and that in the presence of tantalum, molybdenum has 
not its usual effect of diminishing or eliminating susceptibility. 


Part IV.—TANTALUM AS AN ALLOYING ELEMENT IN NITRIDING 
STEELS. 


Tantalum is known to be capable of absorbing nitrogen to a 
considerable extent, and treatment of a 4% tantalum-iron alloy in 
air above 1300° C. showed microscopical indications of the deep 
penetration of nitride. These facts suggested the possibility that 
tantalum might prove a useful constituent in steels in conjunction 
with nitriding treatments. In order to examine the effect of 
tantalum on the susceptibility of iron to hardening by nitriding, 
small rectangular bars were forged from five alloys containing up 
to 10% of tantalum. The first specimens were quenched in water 
from 1240° C. to retain the maximum amount of tantalum in solid 
solution, but it was found later that treatment above 900° C. was 
not essential. Small sections of bar were nitrided in ammonia gas 
at 500° C.for 70 hr. The surfaces of these specimens, after nitriding, 
were satisfactory, and Vickers diamond hardness measurements 
on taper-ground surfaces (see Table XV.) showed a considerable 
increase in hardness near the surface. The excess tantalum in the 
alloys containing more than 3% was in the form of globular particles 
of the compound, Fe,Ta, and this constituent gave no visual indica- 
tion of having any direct part in the nitriding reaction ; this is shown 
in the photomicrograph of the 4-5% alloy, Fig. 52 (Plate XX XIII.), 
in which the disposition of the nitride needles appears to be independ- 
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TABLE X V.—Effect of Tantalum Content on the Nitriding of Tantalum- 
Iron Alloys. 


Specimens nitrided for 70 hr. at 500° C. 
Vickers diamond hardness numbers (10 kg.). 





Tantalum Content. %. | 


—. ae 467 | 716 | 10-04 


| Hardness after Water-Quenching from 1240° C. 














| 
| 158 | 165 181 | 136 | 181 | 
| Hard- | Depth. | Hard- | Depth. | Hard- | Depth. | Hard- | Depth. | Hard- | Depth. | 
jnessNo.|; Mm. j|nessNo.|} Mm. jnessNo.} Mm. j/nessNo.| Mm. [nessNo.) Mm. | 
| 572 | 00 | 690 | 00 | 772 | 00 835 |0-0 | 813 |0-0 | 
| 585 | 0-113 | 762 | 0-020 | 894 | 0-057 | 835 | 0-095 | 772 | 0-076) 
| 606 | 0379 | 707 | 0-076 | 707 | 0-106 | 824 | 0-221 | 752 | 0-172 | 
| 606 | 0-379 | 724 | 0-156 | 894 | 0-161 | 824 | 0-309} 803 | 0-341 | 
| 585 | 0-548 | 734 | 0-271 | 627 | 0-221 | 425 | 0-431] 243 | 0-409 
| 530 | 0-891 | 681 | 0-407 | 772 | 0-274 | 170 | 0-606) 212 | 0-516 
| 240 | 1-095 | 642 | 0-531 | 847 | 0-330 | 172 | 0-777 | 
| 198 | 0-705 | 824 | 0-399 
| 157 | 0-992 | 858 | 0-487 
| | 803 | 0-642 
| | 782 | 0-736 | 
| 835 | 0-805 
724 | 0-877 


| | | 992 | 0-954 


ent of the Fe,Ta particles. In all the alloys the penetration of 
nitride was relatively deep in comparison with other steels commonly 
used for nitriding, although the maximum hardness was not as high 
as can be obtained with those materials. In the alloy containing 
4-67°% of tantalum the change in hardness from case to core was 
rapid; this specimen showed particularly deep penetration. 

The effect of aluminium on the nitriding properties of iron- 
tantalum alloys was examined in two alloys. The depth/hardness 
values, given in Table XVI., showed a maximum Vickers diamond 
hardness number of 1050, with a considerable depth of case, equal 
to that in the binary alloys. The addition of aluminium in these 
and other confirmatory alloys increased the maximum hardness 
without having any great effect upon the depth of penetration due 
to the presence of tantalum. 

In steels made from ordinary carbon-bearing materials, it was 
found that, as would be expected, tantalum carbide was inert 
towards ammonia, and that the behaviour of the steel in nitriding 
was dependent on the amount of tantalum added in excess of that 
required to decompose the iron carbide. Three preliminary steels 
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TaBLE X VI.—Effect of Aluminium on the Nitriding of 
Tantalum-Iron Alloys. 


Specimens nitrided for 70 hr. at 500° C. 
Vickers diamond hardness numbers (10 kg.). 





Composition. 
Ta 45% | Ta 467% 
Al 1-2% Al nil 


Hardness after Water-Quenching from 1210° C. 











162 181 
ee) eel ae 7 = 
Hardness No. Depth. Mm. | Hardness No. Depth. Mm. 
698 0-00 } 772 0-00 
1033 0-054 894 0-057 
1033 0-124 | 894 0-161 
960 0-232 627 0-221 
960 0-326 847 0-330 
1048 0-452 858 0-487 
1003 0-598 803 0-642 
468 0-826 835 0-805 
196 1-031 | 222 0-954 





were examined containing varying proportions of tantalum and 
niobium, with about 1% of aluminium. The effect of introducing 
tantalum into a commercial nitriding steel was also examined, by 
remelting such a steel and making a tantalum addition to the bath. 
As a check on the nitriding treatment a sample of the nitriding steel 
was included in the series. The carbon-tantalum-aluminium alloys 
were water-quenched from 900° C. and the commercial nitriding 
steel with and without added tantalum was oil-hardened from 900° C. 
and tempered at 600° C. for 2 hr. before nitriding. The series of steels 
used and the results of the nitriding tests are given in Table XVII. 
The nitriding conditions, particularly the percentage dissociation 
of the ammonia, did not give the optimum conditions for the com- 
mercial steel, which had a maximum hardness of 1000; the same 
steel containing added tantalum gave a similar hardness and a 
somewhat deeper case. The greatest hardness was obtained in the 
tantalum steel, and in both the tantalum and the niobium steels the 
hardness was maintained to a considerably greater depth than in 
commonly used nitriding alloys. These results were confirmed on 
further steels, made from a low-carbon basis material, containing 
4% of tantalum, nitrided for 24 hr. at 550° C. In these steels also, 
water-quenching from a high temperature was found not to be 
essential. The hardness test results on this steel, compared with 
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TaBLE XVII.—Depth and Hardness Values of Nitrided Alloy and 
Carbon Steels containing Tantalum and Niobium. 


Specimens nitrided for 70 hr. at 500° C. 


Vickers diamond hardness numbers (10 kg.). 


Alloy. 
Nitriding Steel. | OED. OEE. OEP. 


Composition. % 


Q° 


C 0-45-0-55 C 0-42 : C 0:23 C 0-10 


Ni 0:25 Ta 10-5 Ta 6-9 Ta 1-12 
Cr 1-4-1-8 | Nb Nil Nb 0:24 Nb 5:38 
Al 0-9-1-3 Al 0-57 Al 1-22 Al 1-36 
Mo 0-10-0-25 Cr 1-4-1-8 


| Mo 0:10-0:25 
Hardness before Nitriding. 


356 | 194 | 206 213 





Hardness Depth. Hardness Depth. Hardness Depth. Hardness Depth. 
No. Mm. No. Mm. No. Mm. No. Mm. 
800 0-00 933 | 0:00 | 780 0-00 1018 0-00 
$46 0-040 1033. | 0-027 | 933 0-040 1187 0-031 

1003 0-138 1064 | 0-098 | 1097 0-071 1081 0-048 
762 0°256 1003 0-166 | 1132 | 0-094 1081 | 0-073 
707 | 0-319 907 | 0-224 | 1132 | 0-120 | 1064 | 0-124 

| 690 0-371 847 0-297 | 1120 | 0-152 1064 0-258 
464 | 0-453 835 0-436 | 1033 0-227 1064 0-322 
613 | 0-577 743 0-551 1064 0-270 1033 0-401 
464 | 0-693 aaa 0-663 | 1064 0-311 933 0-487 
383 0-764 202 0-824 | 1064 0-367 276 | 0-620 
363 0-836 194 0-986 1033 | 0-435 276 | 0-746 
363 | 0-908 967 0-503 281 1-012 
363 | 1-125 503 0-576 
233 0-672 | 
230 0-953 


those of a commercial nitriding steel treated simultaneously, showed 
that the depth of hardening was appreciably greater. Curves 
illustrating the results of the nitriding experiments are shown in 
Figs. 11 and 12. 

Tantalum steels thus showed definite advantages as materials 
for surface hardening by nitriding, requiring a treatment of only 
24 hr. to give an adequate thickness of case. The possibilities are 
being further examined as regards the effects of very short nitriding 
treatments. 
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Since, in these steels, no active iron carbide is available for 
producing a core of sorbitic structure and high strength, other 
methods of obtaining a range of properties in the core become 
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Fia. 11.—Depth-Hardness Curves of Fic. 12.—Depth-Hardness Curves 
Iron-Tantalum Alloys. of Tantalum Steels. 


necessary. The most suitable is that of utilising a composition 
which will give a convenient temper-hardening effect at the tempera- 
ture used in nitriding. 


Part V.—CARBIDE OF TANTALUM. 


Steels Containing Carbide. Preparation and _ Properties.— 
Tantalum carbide is known to possess extremely high hardness, 
of the same order as that of tungsten carbide, and is used as the 
main constituent of “ Ramet,”’ a sintered product manufactured for 
the points of special tools for cutting hard materials, and for 
machining glass. It is also used in conjunction with tungsten 
carbide for similar purposes. The melting point of the carbide 
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TaC, according to Agte,® is 4150 + 150° C. The compound is 
generally prepared by heating the pure metal in contact with carbon 
in a stream of hydrogen at a temperature of 1400-1600° C. For 
the manufacture of tools, it is compressed with about 8% of nickel, 
cobalt, or other binding agent, and heated in vacuo to give the 
sintered product. The use of tantalum carbide in certain types of 
illuminating lamps and as a special refractory material has been 
suggested. 

The production of a suspension of hard carbide particles in steel 
by addition of carbide would be a matter of great difficulty in view 
of the uncertainty of securing adequate ‘“‘ wetting ” of the particles 
by the melt, and, so far as is known, such a process has not been 
attempted. 

Since, however, the work described in this paper, dealing with 
the constitution of tantalum-carbon steels, showed that the action 
of tantalum is to absorb the carbon present and form tantalum 
carbide, it appeared possible that the cutting properties of a steel 
might be improved by the incorporation of tantalum carbide in this 

yay. Experimental steels were made, utilising white pig iron as 
the basis metal in order to provide a high content of carbon. By 
progressively adding ferro-tantalum to a melt of white pig iron, the 
carbon in combination with the iron is lowered and tantalum 
carbide formed as sharply angular crystallites. At a content of 
about 25% of tantalum the alloy consists substantially of tantalum 
carbide partic ‘les in a ground-mass of ferrite. Such an alloy may take 
a sharp and hard edge, but is useless for cutting under pressure, 
owing to the poor qualities of the ferrite bond. The ground-mass 
may, however, be strengthened by the addition of elements such as 
tungsten, chromium, and cobalt, or by the limitation of the tantalum 
added so that some carbide of iron is left for the purpose of hardening 
the ground-mass by heat treatment. A typical micrograph of such 
a steel is shown in Fig. 53. Both of these methods possess the 
disadvantage of decreasing the amount of carbon available for the 
formation of tantalum carbide. On this principle, however, 
experimental steels have been made which show remarkably good 
cutting properties when turning fairly hard steel. The proportion 
of tantalum carbide may be ine reased by the addition of solid carbon 
to the melt, and this method, provided that the difficulty of control 

‘an be overcome, may have definite advantages. 

This novel aspect of the use of tantalum in steel presents con- 
siderable scope for experimental work in the production of steels 
of cutting qualities intermediate between those of ordinary high- 
speed steels and sintered carbide pointed tools. In relation to the 
properties which appear to be obtainable, the cost of such steels, 
made from ferro-tantalum-niobium and a base of pig iron, would 
probably not be unreasonably high. 

Isolation of the Carbide.—Ferro-tantalum containing 60-70% of 
tantalum + niobium may be readily melted in a high-frequency or 
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other electric furnace with a non-siliceous lining. When carbon is 
added to the melt, tantalum-niobium carbide is formed and the 
alloy becomes “ pasty.’”’ The completely carburised alloy is brittle 
when solid and is readily crushed to a fine powder. It has been 
found that the iron and impurities can be almost entirely removed 
by solution in 50% hydrochloric acid, leaving a pale golden brown 
residue of insoluble tantalum carbide. This method for the 
economical production of carbide has been employed on the labora- 
tory scale with success, and tests of the carbide in the form of sintered 
tools are being made. 


SUMMARY AND CONCLUSIONS. 


(1) The tantalum-iron alloys containing up to 61% of tantalum 
may be considered as an alloy system of iron and the compound 
Fe,Ta. A eutectic of the solid solutions delta and Fe,Ta (epsilon) 
is formed at a composition of about 20% tantalum. The solubility 
of Fe,Ta in «-iron is small at low temperatures. 

The solubility in y-iron increases with rise of temperature to 
about 3% tantalum at 1220° C., the eutectoid temperature. The 
composition of the eutectoid gamma-Fe,T'a is near to 4:5% of 
tantalum. Up to a content of 6-5% of tantalum the alloys solidify 
as a solid solution of Fe,T'a in 8-iron, while above this content the 
eutectic is formed (20% tantalum). At 61-2° of tantalum the alloy 
consists entirely of the compound Fe,Ta, and with still higher 
tantalum contents this compound forms a second eutectic with 
tantalum at a content of about 80%. 

(2) The addition of tantalum to iron raises the hardness pro-, 
gressively ; the rate of increase is less rapid between 7 and 30% than 
in the lower and higher ranges of tantalum content. Solution of 
Fe,Ta (epsilon) by heating and quenching produces a small increase 
in hardness, and a small further increase is obtained by precipitation 
on reheating. The quenched supersaturated solid solution is stable 
up to about 600° C. 

(3) The constitution of carbon steels containing tantalum and 
niobium, and made from commercial materials, may be broadly 
connected with that of the pure tantalum-iron alloys. With 
increasing tantalum content, the proportion of carbon in the form 
of iron carbide is progressively reduced, and above a certain con- 
centration of tantalum, depending on the carbon content, the steels 
become essentially tantalum-iron alloys containing inclusions of an 
additional hard carbide constituent which appears insoluble. The 
variation in hardness of the steels with tantalum content is largely 
governed by the combination of carbon with tantalum, and the 
consequent reduction in the amount of pearlite formed; the normal 
variations produced in carbon steels by heat treatment are found 
only in the steels of low tantalum content. 

(4) Certain of the tantalum steels containing above 10% of 
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tantalum show a relatively small reduction in strength on testing 
at 500° C., but in view of the difficulty of working these materials 
it is doubtful whether they have any promising application. At 
temperatures above 1000° C., oxidation of the tantalum steels is 
extremely rapid, producing a thick adherent scale. 

(5) Plain tantalum steels show no marked resistance to corrosion 
under an intermittent salt-spray test or when submitted to ordinary 
outdoor exposure. 

(6) Small amounts of tantalum have little effect on the properties 
of low-manganese nickel steel; with further additions of tantalum 
considerable improvement is obtained. Its action is, however, not 
powerful, since even with 1-75%, of tantalum the properties are only 
slightly better than may be obtained by the addition of 0-5%, of 
manganese. 

(7) Tantalum does not confer air-hardening properties. It 
reduces the maximum hardness attainable by quenching, and has 
only a slight effect in increasing the hardness of nickel steels cooled 
at slower rates, but it reduces the fall of hardness which occurs on 
tempering. It also induces susceptibility to temper-brittleness in 
nickel steel to an appreciable extent. 

(8) Experiments on the effect of tantalum on the nitriding 
properties of steel showed that while tantalum alone has the effect 
of considerably increasing the depth of penetration of nitride above 
that given by the commonly used nitriding steels, an extremely high 
hardness is not attained. Alloys containing a small addition of 
aluminium together with tantalum or niobium gave, however, an 
increase in hardness up to above 1000 Vickers diamond hardness 
number with no appreciable decrease in depth of penetration. The 
tantalum-aluminium steels thus possess the advantage of giving a 
normally high maximum hardness together with deeper penetration 
than can be obtained with other steels. 

(9) Preliminary work has shown that the reaction between 
tantalum and carbide of iron which occurs on the addition of tantalum 
to molten steel or pig iron may have useful applications in the 
production of special steels in which the extreme hardness of the 
carbide constituent may be utilised, and as an economic method of 
preparing the isolated carbide of tantalum for use in the manufacture 
of sintered tools of extreme hardness. 


The authors desire to make grateful acknowledgement for assist- 
ance in the experimental work to Mr. B. R. Davidson, M.Met., 
Mr. C. F. Marks, B.Sc., Mr. E. 8S. Spencer-Timms, B.Sc., and Mr. 
K. F. Allen, B.Sc., and for the photomicrographic work to Mr. H. 
Wrighton, B.Met., F.R.M.S. 
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APPENDIX A. 
Properties of Tantalum. 


Physical Properties. The pure metal is bluish in colour when tarnished and 
white when polished. 

Atomic weight: 181-5. 

Melting point : 2900-3000° C. 

Specific gravity: 16-5 © (calculated value 16-69). 

Specific heat (at 0° C.): 0-035. : 

Space lattice: Body-centred cube of side 3-272 A.@®) 

Linear coefficient of expansion: 7-9 x 10° (7.e., slightly less than platinum).() 

Electrical resistance (wire 1 m. x 1 sq. mm.): 0-165 ohms (i.e., about eight 
times that of copper).(1* 

Brinell hardness: 46. The hardness is considerably increased by small 
quantities of silicon, boron, aluminium, tin, and titanium.%) When 
heated to redness and hammered the metal becomes surface hardened 
through the formation of an oxide film. The oxide is reduced in vacuo 
at high temperatures. 

Traces of carbon render tantalum hard without affecting the ductility, 
but when the carbon exceeds 1% the product is brittle. TaC has been 
prepared; its hardness (Mohr) lies between 9 and 10. 

Mechanical Properties. ‘Tantalum possesses high tenacity and ductility. It 

can be drawn into fine wire, hammered, rolled or drawn in the cold state. 

When drawn to wire 0:05 mm. in dia. the tensile strength reaches about 

95 tons per sq. in.(%) 

Corrosion. It is slightly tarnished but not corroded by the atmosphere at 

ordinary temperatures. On heating, the metal oxidises readily. It is 

not attacked by hydrochloric acid, nitric acid, or agua regia. Hot dilute 
sulphuric acid has no effect, but the boiling concentrated acid dissolves 
the metal slowly. 

A mixture of hydrofluoric and nitric acids attacks the metal rapidly ; in 
contact with platinum or carbon it is readily dissolved by hydrofluoric 
acid with evolution of hydrogen. 

Absorption of Gases. The metal is capable of absorbing large volumes of 

certain gases, é.g., H,, O,, and N,. The presence of hydrogen induces 

brittleness in the metal. The reaction with nitrogen is slow and com- 
mences at 900° C. TaN and Ta,N; have been prepared. The melting 
point of TaN is given by Agte as 3000° C. approximately.(® 


APPENDIX B. 
Method of Chemical Estimation of Tantalum in Iron Alloys. 


A sample of appropriate weight is attacked with hot 20%, 
hydrochloric acid, of which 100 c.c. are used for every one 
gramme of the sample, with a minimum quantity of 100 c.c. When 
all action has ceased the residue is filtered, washed théroughly with 
5% HCl and ignited at 500-600° C. After ignition it is fused in a 
silica crucible with approximately 5 g. of potassium bisulphate ; the 
melt is transferred to a beaker, and taken up with boiling water 
containing about 5 g. of tartaric acid. Ifa clear solution is not ob- 
tained the precipitate is filtered, washed, burnt in a platinum dish, and 
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fumed with sulphuric and hydrofluoric acids to remove any possible 
silica ; the residue in the crucible is fused with a little potassium 
bisulphate, and the melt dissolved in the original solution, which 
should now be quite clear. The solution is then cooled, and hydrogen 
sulphide passed through it to reduce the iron present to the ferrous 
condition, with a consequent precipitation of sulphur. This 
sulphur is filtered and washed with 5% ammonium chloride solution, 
and a little filter-paper pulp is stirred into the solution, which is now 
made alkaline with ammonia. The liquid is again saturated with 
hydrogen sulphide, heated, and allowed to stand while hot until 
all the precipitate has settled out. The iron present is now com- 
pletely precipitated as ferrous sulphide, and is filtered and washed 
with a dilute solution of ammonia and ammonium chloride. 

The iron precipitate is dissolved in hot nitric acid (sp. gr. 1-20) 
and the solution boiled for a few minutes. Ammonia is then added, 
and after the ferric hydroxide has coagulated it is filtered, washed 
with hot water, and redissolved in 25% sulphuric acid. If required, 
the iron in this solution is then estimated in the usual manner by 
reduction with sulphur dioxide and titration with standard potassium 
permanganate. 

The filtrate from the ferrous sulphide is boiled for some time to 
remove hydrogen sulphide. Dilute sulphuric acid is added and the 
solution further boiled down until an approximately 10% acid 
condition is reached. During this boiling some of the tantalum 
present hydrolyses out of solution, and if the precipitate is of 
appreciable size it is filtered and thoroughly washed with 5% 
ammonium chloride solution. To the cold filtrate is slowly added a 
solution of 3 g. of cupferron in cold water. The remainder of the 
tantalum present is precipitated, and after standing for 1 hr. it is 
filtered and thoroughly washed with ammonium chloride solution. 
These two precipitates are then combined and ignited at a high 
temperature. Owing to the difficulty encountered in washing the 
precipitate free from potassium salts, it has been found advisable to 
leach the ignited tantalum pentoxide by boiling for a few minutes 
with 5% hydrochloric acid, and filter, wash, and re-ignite. The 
precipitate is then weighed as pure tantalum pentoxide, and this 
weight multiplied by a factor of 0-821 gives the weight of tantalum 
present in the sample taken. 

If tantalum and niobium are both present, the mixed oxides 
obtained are separated by the method of Schoeller and Powell given 
in the Analyst, 1925, vol. 50, p. 485; 1931, vol. 56, p. 304. 
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APPENDIX C. 


Representative Analyses of Commercial Ferro-Tantalums. 


NPX. | NFY. NQD. | 

















| } | | 

Element. | GYN. | HMS, | LAU. | 

ee %- + | 631 | 651 | 41-2 | 15-0 | 32:0 | 64-0 
Niobium. % . -| 148 | 13-2 | 392 | 59-0 | 44:5 | 13-0 
4 See ee | | 17-5 | 77 | 12-0 

| Carbon. % F . 0-11 0-14 | 0 +025 | 0:05 0-07 0-15 | 
Manganese. % | 6-2 5:7 | 5:7 12-1 3-5 | 
Silicon. %  . } 1-1 0-8 | 22 3-2 0-60 | 
Aluminium. % . | 1-45 1-0 | 2:0 1-4 4:0 | 

|Tin, % . , .| 37 | 285 . | 0-25 | 0-35 | 2-0 

| Copper. %  - : | 08 | O8 | .. | Nil Nil 1-0 
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DISCUSSION. 


This paper was presented for discussion at the Additional Meeting held in 
London on Friday, October 30, 1936. 


Dr. W. H. Harrretp, F.R.S. (Vice-President, Sheffield) con- 
gratulated the authors on a very valuable paper, which in a very 
adequate manner filled in one portion of the knowledge required 
with regard to the iron-tantalum series. 

From the theoretical point of view, and indeed from the practical 
point of view also, the emphasis of the fact that tantalum added to 
iron-carbon alloys precipitated the carbon as tantalum carbide, a 
very hard material, was of great scientific interest, and it might well, 
as the authors suggested, prove to be of practical industrial interest. 
The authors were no doubt aware that tantalum carbides were being 
used to an extensive degree at the present time for the manufacture 
of hard cutting carbides. 

As a member of the Alloy Steels Research Committee he would 
like to say that the Committee welcomed the paper, and appreciated 
the admirable way in which the work had been done. 


Dr. T. SwrnDEN (Member of Council, Sheffield) joined with Dr. 
Hatfield in congratulating the authors on a very sound piece of 
research. The Research Department at Woolwich was admirably 
suited for work of the kind in question, and the results described in 
the paper would, he thought, be studied with great interest by those 
who were endeavouring to use such newer alloys, and particularly 
tantalum and niobium, in the manufacture of special steels. 


Mr. J. A. Jonss (Sheffield) thanked the authors for their acknow- 
ledgment of some work which he carried out at Woolwich in 1929 on 
the effect of tantalum on nickel steels, which now formed the basis 
of Part III. of the paper. The authors were to be congratulated 
on having been able to condense into 37 pages the results of an 
investigation covering such an extensive field of tantalum-iron alloys 
and tantalum steels. 

In the Central Research Department of the United Steel Com- 
panies they had had considerable experience in the manufacture of 
selected steels containing tantalum. With regard to steel-making 
losses of tantalum and niobium, they would expect the large loss 
obtained by the authors when the tantalum-niobium alloy was 
included in the charge, as indicated by the authors in the first 
paragraph of Part III. of their paper, but they were rather surprised 
at the high loss of tantalum and niobium when added at a late stage 
in the heat. The experience of the United Steel Companies, using 
sillimanite linings, was that the losses were about 20%, of tantalum 
and 15% of niobium. They had no experience of tantalum in basic 
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linings (magnesite), but the loss of niobium in the heat in such a 
lining was usually less than 10%. 

With regard to the part played by tantalum as an alloy addition 
to steel, it was evident that, on account of its great affinity for 
carbon, its presence resulted in partial or complete deactivation of 
the carbon according to the carbon-tantalum ratio in the steel, in 
the same manner as titanium, vanadium, niobium, &c. They were 
fairly familiar with the results following such deactivation in 
titanium steels and it would be interesting to be able to compare 
the behaviour of titanium and tantalum from this point of view. 
Titanium carbide, when present in appreciable quantity in steel, 
showed no tendency to enter into solution at temperatures below 
1050° C., and even at this temperature the rate of solution was 
exceedingly slow and appeared to continue at a slightly increasing 
rate up to 1250° C. or even higher. Steel containing 0-34°, of 
carbon and 1-26° of titanium gave, in small sections, after water- 
quenching from 1150° C., a hardness number of only 267, but after 
quenching from 1300° C. the hardness was 402. Ina steel containing 
0-23°, of carbon and 1-60°, of titanium, the Ac, range on a dilatation 
curve had been found to extend from 1100° C. to above 1200° C. 

It would appear from the authors’ results that the action of 
tantalum in steel was very similar to that of titanium, but that 
tantalum carbide was insoluble. It would be interesting to know 
whether the authors had investigated the possibility of the existence 
of a solubility range at exceedingly high temperatures, of the order 
of 1100° to 1300° C., in the carbon-tantalum steels. 

With regard to the properties at high temperature, tantalum 
apparently had a beneficial effect, which was contrary to the 
experience of his Research Department with titanium. 

The influence of tantalum in 18/8 austenitic steel had been 
found to be precisely similar to that of titanium from the point of 
view of inhibiting carbide precipitation and susceptibility to weld 
decay. Practically equal contents of the two elements were 
required to confer immunity in austenitic steels. 

It was evident that no outstanding benefits might be expected 
from the addition of tantalum to alloy constructional steels, but 
tantalum might fulfil a useful purpose as a component of nitriding 
steels, whilst the extreme hardness of the carbide might find valuable 
applications. 

The paper, in general, was particularly interesting, the authors 
having presented the results of a very valuable research. 


Dr. C. H. Descu, F.R.S. (Vice-President, Teddington, Middlesex), 
said the paper described a very fine piece of constitutional work. 
He thought it might be expected from the peculiar nature of 
tantalum that it would not be a very useful steelmaking element, 
because tantalum, although it had highly metallic properties, was 
not one of the true metals. It formed a strongly acid-forming oxide, 
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and on account of the constitution of the atom it had a particularly 
great tendency to form extremely stable and therefore very insoluble 
compounds such as carbides and even compounds with metals such 
as iron tantalide. Therefore, in accordance with the principles 
which Hume-Rothery had laid down recently, it would not be 
expected to form extensive solid solutions. At the same time, that 
peculiar compound-forming property might have great advantages, 
of which one had been mentioned—the readiness with which it took 
up nitrogen—and in combination with other elements, particularly 
of a non-metallic character, some uses might be found for it. At 
present, however, it seemed to have much more affinity with 
titanium and zirconium than with the true metals. 

He was glad to see that the authors called the sister metal 
“niobium.” The international agreement among chemists—the 
International Commission on Atomic Weights, for example—was 
that “‘ niobium ”’ should be the name, but some American metal- 
lurgists, neglecting that rule, preferred to call it “‘ columbium,” a 
term which was rejected a number of years ago. 


AUTHORS’ REPLY. 


Dr. GENDERS, in reply, thanked those who had taken part in 
the discussion. The authors much appreciated the information 
contributed by Mr. Jones on melting losses and on titanium steels. 
As he had said, there was great similarity between the action of 
tantalum and that of titanium in steel, but the authors had not 
obtained any results which would indicate appreciable solubility 
of tantalum carbide in iron, even at high temperatures near to the 
melting point of iron. The melting point of the pure carbide was 
extremely high, about 4000° C. 

The authors were glad to have Dr. Desch’s support in the 
controversy over the name “ niobium ”’ or “ columbium.”’ ‘“‘ Niob- 
ium ”’ was the more generally accepted in chemistry, and it was 
unfortunate that American manufacturers and some users in Britain 
had adopted the name “ columbium.”’ 








MORPHOLOGY OF THE INCLUSIONS IN 
SIDERURGICAL PRODUCTS. 


PART III—CHROMIUM ALLOYS AND CHROMIUM 
STEELS.! 


By Proressor A. M. PORTEVIN anp RENE CASTRO (Paris). 


ABSTRACT. 


In Parts I. and II. the authors described the morphological 
features of the inclusions found in samples of iron and plain carbon 
steels, alone or containing one or more of the elements manganese, 
silicon, and aluminium, together with oxygen or sulphur, or oxygen 
and sulphur combined. The present study deals, in the same way, 
with the inclusions found in the alloys of iron and chromium in the 
presence of the elements mentioned above. 


In the first two parts of this paper? the authors dealt with 
the non-metallic inclusions in connection with the processes of 
manufacture, and outlined the morphology of the inclusions in 
ordinary steels not containing special elements. 

The present part will be concerned with the morphology of 
the inclusions as affected by the alloying element which has the 
most important bearing on them, viz., chromium. 

Chromium is important primarily because of the affinity of 
this element for oxygen (and, subsidiarily, for sulphur) and the 
high percentages of this element present in a large number of 
industrial iron products. 

The solubility of oxygen in liquid chromium, or in iron-chromium 
alloys containing a high percentage of chromium, has not hitherto 
been determined accurately ; but it must be considerable, to judge 
from an experiment which consists in melting and casting pure 
iron and (say) a 70° ferro-chromium under the same conditions 
of energetic oxidation. In the first case, the iron contains very 
little more than 0-100-0-150% of oxygen, while in the second case 
the oxygen content may exceed 1%. This solubility must be 
appreciable even in the solid state, whereas it is still debatable in 
the case of iron. It may be possible to prepare chromium alloys 
containing very few inclusions and having percentages of oxygen 
of the order of 0-150—-0-200%. 

It is much more difficult to study and classify the inclusions in 


1 Received June 5, 1936. 
* Journal of the Iron and Steel Institute, 1935, No. II1., pp. 237-274. 
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the chromium steels and chromium alloys than the inclusions in 
ordinary steels, and this for several reasons : 

(1) In the first place, the introduction of an additional element 
in the presence of those normally accompanying iron, 7.e., silicon, 
manganese, and eventually aluminium on the one hand, and oxygen 
and sulphur on the other, must increase the complexity of the non- 
metallic phases involved. 

(2) Owing to the insufficiency, in nearly every case, of the 
residue-separation methods, because of the presence in chromium 
steels of stable carbides subsisting in the residues, it is impossible 
to get an idea of the bulk composition of the inclusions. 

(3) In ordinary steels, the constituent oxides of the inclusions 
may be classified according to their acidity, FeO and MnO being 
termed basic and SiO, and Al,O, acid. Moreover, the affinities 
of silicon and aluminium for oxygen are different, so that we get 
a relation—fairly precise, though not absolute—between the time 
and the quantity of the additions of silicon, manganese, and 
aluminium and the appearance of the inclusions of the metal. On 
the other hand, the amphoteric character of Cr,O, is very pro- 
nounced, and its affinity for certain oxides, such as silica, is small, 
so that a given bulk composition of the metal may apply for non- 
metallic inclusions of very variable character, depending on the 
process of manufacture. In the case of ordinary steels, it has 
been possible in a few cases to establish a relation between these 
two factors, but it does not seem possible to do so in the presence 
of appreciable quantities of chromium. 

(4) Although the constitutional diagrams of the elements of 
the inclusions in ordinary steels—sulphides, silicates, aluminates, 
&c.—are pretty well known, the same cannot be said for the diagrams 
which include the oxides of chromium in addition. The aspect 
of the non-metallic phases described below seems to indicate that 
they are very complex, this complexity being increased by a certain 
solubility of the metallic Fe-Cr phase in the non-metallic phases 
of the inclusions. 

The above observations will show why it is impossible in the 
majority of cases to identify with certainty the non-metallic inclu- 
sions in chromium steels and chromium alloys, and this of course 
means that the present research will be more strictly morphological 
in character than the two previous parts. 

As in the case of ordinary steels, the inclusions have been 
studied in the metal as cast, for the majority of the alloys studied. 
The effect of mechanical deformation has also been revealed by a 
few types of inclusion. fc 

The analyses of the samples from which the micrographs for 
this paper were prepared are given in Table I. 

At this juncture, it is well to note that a certain number of 
the steels studied often contain high percentages of nickel. This 
element is known for its very low oxidising power. Oxide of nickel 
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TABLE I.—Analyses of the Samples from which the Photo- 
micrographs were Prepared. 


| 
| | : } | 








mium; Al added, 
0-050%. 


Se 2] } | Sj | | } yi S | 
"no | % | % | % | % | % |e |e | Remarks. 
1 | 0-050 | 0-150 | 0-250 | 73 | 0-15 | 0-30 | 0-35 
2 | 0-030 | 0-080 | 0-310 | 70-8 |... nd. | nd. | nd. 
3 0-023 | 0-150 | 0-280 | 671 | ... | nd. nd. | 0-160 
4 | 0-250 | 0-165 | 0-210 C55 1 uc “és Gee aa Ferro-chromium, re- 
| | melted, oxidised 
| | | } | | and quenched. 
5 0-380 | 0-300 | 0-300 | 16-01... 0-016 | 0-017 «-» | Sheet. 
6 0-300 | 1-430 | 0-450 | 66-1 | see 0-011 | 0-031 | 0-175 
7 0-120 | 0-300 0-400 | 17-10 | 91 | 0-025 — ... | As-cast. 
8 0-955 | 0-290 | 0-230 | 1-54 ad 0-019 | 0-016 maa Crop-end of ingot. 
| 9 0-045 | 0-140 | Trace | 99:1 | ... | 0-042 ae. ... | Aluminium, 0-50%. 

10 | 0-355 | 0-140 | 0-300 | 13-28 eS nn ... | Rolled. 

11 | 0-060 | 0-080 | 0-240 | 72-8 ove 0-117 eve 0-165 | Ferro-chromium, re- 
| | melted and sulpbur- 
| ised. 

12 1-05 | 0-500 | 0-450 | 70-2 | 0-020 | 0-030 

13 0-080 | 0-875 | 0-300 | 27-4 | oes ose As-cast. 

14 0-340 | 0-265 | 0-280 | 14:2 | — see As-cast. 

15 | 0-080 | 0-535 | 0-400 | 28-4 | | 0-015 | 0-020 | | Crop-end of ingot. 

16 | Same Metal as No. 14, after rolling. 

17. | 0-450 | 0-350 | 0-410 { 09 | 27 as we | oe | Rolled. 

18 | 0-120 | 0-900 | 0-400] 170 | 97 | c. | Ll | cl | as-cast. 

19 | 0-170 | 1-15 0-200 | 67-8 aaa sé ae 

20 0-065 | 0-600 | 0-150 | 63-5 0-080 we | 0-110 

21 0-070 | 0-040 | 0-990 | 2-87 . | Cast. 

22 | 0-350 | 0-120 | 0-280 | 15-5 | Plate. 

23 | 0-050 | 0-170 | 0-290 | 72-2 Remelted ferro-chro- 

| | 


n.d. = Not determined. 


has only been observed in pure nickel arising from incomplete 
reduction,! but, as far as is known, never in nickel or nickel-chromium 
steels, either in the free or the combined state, since it is rapidly 
reduced by iron during the process of melting. 


A.—IROoN AND CHROMIUM. 


(1) In the Presence of Oxygen.—The most typical inclusion in 
chromium alloys and chromium steels liable to be met with whenever 
the ratio of chromium to the other added elements is sufficiently 
high, is chromite. This constituent has been mentioned for some 
considerable time? under the name of chromium oxide, but 
since 1933 we have preferred the more precise term chromite, in 
accordance with the results of the following analysis : 

A 4-kg. ingot was taken from a 15-ton electric steelworks 


1 Matuschka, Journal of the Iron and Steel Institute, 1935, No. I., pp. 213-— 
224. 
2 Léfquist, Jernkontorets Annaler, 1928, vol. 117, pp. 49-111. 
Wohrman, Transactions of the American Society for Steel Treating, 1928, 
vol. 14, p. 359. 

3 Portevin and Perrin, Journal of the Iron and Steel Institute, 1933, No. I., 


pp. 153-187. 
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furnace after a charge containing nickel-chromium steel scrap had 
been melted. The chemical analysis of the metal was as follows : 


Carbon . ‘ . : . - 0-050 


Manganese : : ; : . 0-010 
Silicon . ; ; : ; . Traces 
Chromium ; ‘ : ; . 0-100 
Nickel . ‘ . ‘ ; - 1-25 


In view of the low percentage of carbon, this metal contained 
only slight traces of carbide, which were easily brought into 
solution by quenching. Now, careful micrographic examination 
revealed, in this steel, the exclusive presence of well-developed 
inclusions of chromite. Since the resistance of this mineral to 
acid reagents is known,! it was separated by the volatilisation 
method in a stream of pure chlorine at 375° C. (temperature measured 
inside a solid test sample). The difficulty of analysing the residue 
is due to the fact that the chromium and the nickel of the metal 
subsist in the form of non-volatile oxides along with the residue 
of oxides and free carbon. The nickel chloride can be easily 
eliminated by dissolving in water, and the chromium chloride by 
dissolving in a slightly acid solution of stannous chloride. 

The analysis of the residue, repeated several times, gave the 
following proportions, assuming the iron and chromium to be 
present in the form of oxide of chromium and ferrous oxide : 


Ocr,0; = 0-020-0-022% Oro = 0:007,-0-008% 


The total oxygen of the residue was therefore 0-027;—0-030%. 

The determination of the total oxygen of the melt by the fusion 
method in vacuo 2 gave values varying between 0-025, and 0-029,%. 
It therefore seems reasonable to suppose that the analysis of the 
residue containing a single species of inclusions agrees well in this 
case with the analysis of the non-metallic matter itself. The 
ratio O¢,.0,/Ono is approximately 3, which makes the ratio 
Cr,0,/FeO approximately 1. There is thus every likelihood of the 
inclusion being the compound Cr,0,.FeO, or chromite. 

Other tests of the same type have sometimes given a higher 
proportion of Cr,O,, again assuming the existence of a single type 
of inclusion. The diagram Cr,0,—FeO is not yet known to us in 
a well studied form, and possibly the chromite may contain in 
solution an excess of one of the oxides constituting it. 

Chromite appears in many different forms. It is nearly always 
crystalline in form, which points to its formation in the solid state 
in the liquid metal by diminution of solubility during the process 
of cooling. 


1 Schneiderhéhn, ‘‘ Anleitung zur mikroskopischen Bestimmung und 
Untersuchung von Erzen,” p. 262. Berlin, 1922. 

2 Portevin and Castro, Archiv fiir das Hisenhiittenwesen, 1935-36, vol. 9, 
pp. 555-562. 
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In the ferro-chromiums, it is met with in the form of crystals 
of very variable size, solid or hollow, and generally triangular, 
trapezoidal or rhombic in shape (Figs. 1, 2, and 3, Plate XX XIV.). 

In the stainless chromium steels, the crystals are usually small 
and solid. 

Another type, equivalent to very much hollowed crystals, is 
represented by the very slender crystalline skeleton shown in Fig. 
4, The transition from one type of crystallisation to another seems 
to be governed by variations in the cooling conditions of the metal. 
Intermediate types, of more markedly dendritic appearance, are 
also observable in the isolated state (Fig. 5); chromite inclusions of 
similar dimensions are, moreover, rarely encountered except in 
the ferro-chromiums. Finally, chromite may be observed with a 
eutectic disposition in samples of ferro-chromiums cooled very 
rapidly from the molten state (Fig. 6, Plate XX XV.). 

Chromite is fairly bright greyish-violet in colour, is somewhat 
fragile, and polishes very well. It exhibits only a very slight relief 
on the surface of the metal, the less so the harder the metal. Un- 
less it is extremely thin as well, it is perfectly opaque, with the result 
that, when examined by dark-ground illumination, it appears in 
the form of a fine bright edging outlining its contour (see below, 
Fig. 12). Immersion in cedar-wood oil diminishes its reflecting 
power considerably. 

The plasticity of this substance is very low, so that it retains 
its shape in the majority of chromium steels after hot-working. 
Only a considerable amount of deformation at low temperature 
(rolling of plates) causes it to lose its initial appearance. It then 
assumes forms that are more or less rounded and appreciably 
more fragile, owing to the partial destruction of its internal cohesion 
(Figs. 7 and 8). 

Chromite possesses the property of being slightly transparent 
when very thin. Where polishing has detached a fragment of the 
inclusion in a direction near to the surface of the sample, without 
tearing it out completely, observation in polarised light or by conical 
illumination (Figs. 9 and 10) reveals the true colour of this substance, 
which is bright yellow to dark red, depending on the thickness. 
Observed between crossed nicols, these fragments reveal the isotropy 
of the non-metallic substance, which then belongs to the regular 
system. The sections observable on the microsections are, therefore, 
sections of an octahedron more or less deformed and truncated. 

These two properties, viz., red internal reflections and a regular 
crystalline system, added to the fact that this substance seems to be 
unattacked by mineral acids, confirms its identity with the chromite 
of the mineralogists (Schneiderhéhn, loc. cit.). 

Both in the ferro-chromiums and in chromium steels, however, 
there is a non-metallic phase (and probably even a series of phases) 
closely resembling chromite in appearance, and which may give 
rise to confusion. This phase has been very clearly described and 
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identified by Baeyertz 1 in his remarkable research on the subject. 
Its external form is very close to that of chromite, and it may 
occur both in the form of solid crystals and of crystalline skeletons. 
It is differentiated by the following characteristics : 


(a) It is greyish-purple in colour, and seems to be brighter. 

(b) It is also harder than chromite, and cannot be polished 
so easily. Its boundaries are defined by a furrow, more or 
less deep, which appears dark in reflected light (Fig. 11, 
Plate XX XVI.), and bright in conical illumination (Fig. 12). 

(c) In polarised light, or with conical illumination, and 
when not very thick (fragments), this substance is a very 
pronounced true green in colour. 

(d) Finally, when attacked for 5 min. in a boiling solution 
containing 1 g. of KMnO, (crystallised) to 100 c.c. of 10% 
sulphuric acid, the chromite alone is etched, and this new 
phase remains intact (Fig. 13). 


Baeyertz states that “the green oxide phase is presumed to 
be chromous oxide from its colour.”’ More accurately, this should 
be chromic oxide, since it is this oxide which is green in colour, 
chromous oxide being stated to be black. This seems a very 
probable hypothesis, if we remember that: (a) The inclusions 
whose green sheen is clearly discernible exhibited very marked 
positions of extinction when rotated between crossed nicols. Their 
system thus differs from the regular system of chromite. Chromic 
oxide belongs to the hexagonal system; it crystallises into rhom- 
bohedra or scalenohedra, and is green in thin plates. (b) In a large 
number of samples of 99% chromium, this variety is the only 
one found. 

As stated above, chromite and chromic oxide frequently appear 
under closely related conditions of crystallisation. They crystallise, 
however, in different systems, which proves once more that the 
external shape of the crystals, and, a fortiori, the shape of their 
plane sections, are not sufficient to identify their system. Octahedron 
and rhombohedron sections may, in fact, be very similar, if not 
identical, in appearance. 

In addition to these two distinct crystalline species, there 
are probably intermediate species more or less complex in character. 
As a matter of fact, the observer frequently encounters, in the 
ferro-chromiums or chromium-steels, inclusions which resemble 
chromite in hardness and aspect, but which on careful examination, 
particularly with an immersion objective, prove to be composed 
of a light phase in the form of needles on a slightly darker back- 
ground. The difference in coloration is scarcely appreciable with- 
out etching. Fig. 14 shows the appearance of an inclusion of this 
kind, the contrasts having been brought out as much as possible 


1 Baeyertz, Transactions of the American Society for Metals, 1934, vol. 22, 
pp. 625-634. 
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in photographing. It should be noted that the hardness of these 
two phases is very similar. When etched with an acid permanganate 
reagent, the structure becomes more clearly visible (Fig. 15), and 
the acicular constituent seems to be less attacked than the back- 
ground. Baeyertz assumes that, in this case, the needles are of the 
true green phase (which we have termed chromic oxide) on a back- 
ground of chromite of true red colour, because, according to his 
observations, the substance which remains unattacked exhibits 
green colorations when examined in polarised light. We have, 
however, noticed cases where these colorations were red, and where 
more prolonged attack resulted in the needles themselves being 
etched. It would appear, then, that solid solutions with very 
variable chromium contents exist between the oxide of chromium 
and the chromite, and even beyond the latter. 

Another type of inclusion, this time non-crystalline, is sometimes 
met with in the chromium alloys, and may be provisionally grouped 
among the oxides of chromium and iron. These inclusions assume 
the form of globules, of varying size and more or less deformed, of a 
darker greyish-violet phase than chromite. This phase is always 
surrounded by a very dark—nearly black—constituent, which 
may also exist in rounded masses inside the inclusion (Figs. 16 and 
18, Plate XX XVII.). The lightest constituent has very frequently 
a eutectic appearance and is dotted with white points constituted 
by a metallic phase (Fig. 19). As the present authors have already 
mentioned,! the separation of sometimes appreciable quantities 
of metal in non-metallic substances containing chromium is one of 
the main features of the inclusions in these alloys. 

The inclusion as a whole is almost absolutely opaque, as will 
be seen from its appearance under conical illumination (Fig. 17). 
These inclusions are not particularly fragile and can be easily 
polished, to a higher degree even than chromite. Their precise 
nature remains unknown. It is rather probable that they are, in 
the main, composed of protoxide of chromium (and of iron), 
(Cr, Fe)O. It has been possible to obtain them simply by remelting, 
in small quantities, samples of ferro-chromium or stainless steel 
which originally contained only inclusions of chromite, without 
any appreciable variation in the analysis of the metal. This 
particular example demonstrates the extreme polymorphism of 
the inclusions containing chromium, and the difficulty of linking 
up their appearance with the composition of the metal. 

Matuschka ? has described inclusions in which, associated with 
chromite or crystallised oxide of chromium, as well as with the 
metallic iron-chromium phase, appears a greyish-green constituent 
which he terms oxide of chromium. Examined by dark-ground 
illumination, this constituent frequently exhibits appreciable 
transparency and a true colour, which give it considerable re- 

1 Portevin and Castro, Metal Progress, 1934, vol. 25, Jan., p. 42. 
2 Matuschka, Stahl und Hisen, 1934, vol. 54, p. 845. 








220 p PORTEVIN AND CASTRO: MORPHOLOGY OF THE 


semblance to the phase which we designate by the name of “ sili- 
cates”’ in a subsequent paragraph of this paper. It is possible, 
of course, that this phase sometimes contains very little silica. 
As it is unfortunately impossible at present to ascertain its precise 
composition, we shall for the time being adopt a purely morpho- 
logical classification, applying the name of non-crystallised 
chromous oxide to the completely opaque phase described above, 
and the term “silicates”? to the phases which sometimes closely 
resemble the former in appearance, but which have their own 
clearly defined transparency and colour. 

(2) In the Presence of Sulphur.—Léfquist (loc. cit.) was the 
first to mention the appearance of a special phase in the sulphides 
of the 1% chromium steels. This phase, which he terms CrS, 
appears in the manganese sulphides in the form of small crystals 
of triangular section, and lighter grey in colour than the back- 
ground. Fig. 20 shows the appearance of one of these double- 
constituent sulphides met with in the crop-end of a steel ingot for 
ball bearings. The occurrence of a two-phase eutectic will be 
noted on the left of this illustration. 

With rising chromium, the new light phase is the only one to 
become visible. Probably it consists originally of a solid solution 
of the three sulphides, of chromium, iron, and manganese. The rise 
in the percentage of chromium modifies the colour of this phase, 
which changes to pink, and then to yellowish-pink. Certain authors 
are of opinion ! that the chromium sulphide phase ought not to exist, 
as it is easily dissociated at high temperature, or that it ought 
only to exist in the form of the double sulphide of chromium and 
iron.2, On the contrary, it would appear that pure chromium 
sulphide does actually exist. Fig. 22 (Plate XX XVIII.) shows an 
inclusion of this substance in a sample of 99° pure chromium 
containing only very little iron. This inclusion has formed around 
an inclusion of crystalline chromic oxide (green). 

The double sulphides in low-chromium steels, when alone, re- 
semble in tint the sulphides of iron and manganese of low 
manganese content. Similarly, the sulphides of chromium contain- 
ing a high percentage of chromium resemble pure sulphide of iron. 
One characteristic which seems very constant, however, distinguishes 
them, 7.e., they cannot be attacked by the usual reagents for sulphides 
—sulphuric acid (sulphur print) and a 10° cold solution of chromic 
acid. Fig. 21 shows the same inclusion as that illustrated in Fig. 20, 
after being attacked for 5 min. by this latter reagent. It will be 
noted that the sulphide of iron and manganese is markedly attacked, 
whereas the crystals of the high-chromium phase are not attacked. 
Similarly, the inclusion of Fig. 22 remains unaltered when subjected 
to prolonged attack by a cold solution of chromic acid. The 

1 Matuschka, Stahl und Eisen, 1934, vol. 54, p. 845. 


2 Idem, Journal of the Iron and Steel Institute, 1935, No. I., pp. 213- 
224. 
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sulphides containing chromium seem only to be attacked by an 
approximately 15-20°% aqueous solution of boiling chromic acid 
for periods of about 5-10 min. Fig. 23 shows the appearance of the 
previous inclusion after being attacked in this way. Note the 
presence of unblackened needles, which would indicate either the 
existence of two very closely related phases, or the existence of a 
partially crystallised phase. Note also that these sulphides are 
extremely malleable and can usually be polished very well. Fig. 25 
shows a sulphide inclusion which is very elongated and ragged 
but not broken, in a stainless steel containing 13° of chromium. 

(5) In the Presence of Sulphur and Oxygen.—The association 
of sulphide and oxide is observed more frequently in the chromium 
steels or chromium alloys than it is in the ordinary steels. This 
association is frequently complicated by the presence of a third 
metallic phase. 

Fig. 24 shows, in a rolled stainless steel, an irregular globule 
of chromite surrounded by the combination sulphide-oxide 
(chromite ?) of eutectic appearance, and Fig. 26 the combination 
sulphide-oxide-metal in a low-carbon ferro-chromium. 

The following experiment has shown that the light phase is very 
probably a solid sulphide-oxide solution of possibly high oxide 
content, rather than a pure sulphide. A low-carbon ferro-chromium, 
containing only inclusions of chromite and very little sulphides, 
with an oxygen percentage of 0-150°%, was remelted with a certain 
quantity of sulphide of iron. The resultant metal when analysed 
revealed 0-117° of sulphur for an oxygen content which was practic- 
ally unchanged at 0-165%. Now, metallographic examination 
revealed the entire absence of oxide inclusions and the exclusive 
presence of inclusions of the pale pink phase described above. 
The oxide thus appears to have remained in solution in this non- 
metallic phase. Examination of a similar melt disclosed large 
inclusions of the form illustrated in Figs. 27 and 28 (Plate XX XTX.). 
The peripheral constituent, probably segregated in the liquid state 
as indicated by the drop shape of the surface of separation, is 
made up of lamellz of oxysulphide exhibiting bright specks of the 
metallic phase with dark spots of oxide. The dark constituent, 
heterogeneous and granular in appearance, is either chromous 
oxide, or perhaps (see below) a silicate very rich in oxide and also 
containing metallic specks in eutectic arrangement. 

Fig. 29 shows the very curious appearance of an inclusion of 
a similar type found in this same melt. The irregular contour of 
the oxide constituent may be explained either by the above hypo- 
thesis of a partial miscibility gap in the liquid state, or by the 
fact that, during the addition of sulphur, the latter must have 
reacted more or less on the globules of oxide in suspension and 
caused oxysulphide to form. 

The oxysulphide described above is not always uniform and 
homogeneous in appearance. It often occurs in combination with 
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a metallic phase in the form of an extremely fine aggregate, which 
is very difficult to resolve under the microscope, owing to the whole 
being very pale in colour. 

This oxysulphide is still more difficult to attack than the pure 
sulphide of metallic chromium. Prolonged immersion in hot 
chromic acid only very partially etches it (Figs. 30 and 31). On 
the other hand, it is strongly attacked by oxidation in the air 
(Figs. 32 and 33). In both cases the oxide remains unchanged. 


B.—Iron, CHROMIUM, AND SILICON. 
(1) In the Presence of Oxygen. 
(a) Steels with Different Percentages of Chromium. 


For the following reasons, the affinity of silica for chromium 
oxide must, in principle, be small : 

(1) As we emphasised in the introduction to the present paper, 
Cr,O, has pronounced amphoteric properties which place it, in the 
non-metallic systems, in a position midway between the acid con- 
stituents and the basic constituents. 

(2) In the pure system Cr,0,-SiO,,1 these two phases have 
practically no mutual solubility. In the first researches on in- 
clusions in iron alloys in the presence of chromium and silicon, 
this fact may have led researchers to infer that the pure chromium 
silicate phases did not exist. Actually, the presence of iron appears 
to modify considerably the relative affinity of these two oxides, 
and it now seems certain that the system silica /chromium-oxides, 
iron-oxides must supply numerous compounds or solid solutions. 

Here, too, it is very difficult to identify the shape or appearance 
of the inclusions with the silicon content, or, rather, the silicon/ 
chromium ratio of the metal. Certain inclusions that will be termed 
“ silicates ’’ are observed in low-silicon steels, whereas steels of 
markedly high silicon content may exhibit only inclusions of 
chromite or chromium oxide. 

There seems no doubt that, for a sufficiently high relative 
silicon content, the markedly acid character of silica predominates. 
Thus the low-chromium industrial steels (less than 0-5-1-0°/ Cr) 
with normal or high percentages of silicon, usually exhibit inclusions 
which differ very little from those in ordinary steels. 

The first effect of chromium seems to be to modify the colour 
of the silicate inclusions. Fig. 34 (Plate XL.) shows, in a stainless 
steel, two vitreous inclusions whose morphological aspect closely 


1 Bunting, Bureau of Standards Journal of Research, 1930, vol. 5, pp. 325- 
327. 

Salmang and Kaltenbach, Fewerfest, 1931, vol. 7, p. 167. 

Budnikoff and Mandelgriin, Berichte der deutschen Keramischen Gesell- 
schaft, 1932, vol. 12, pp. 521-524. 
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resembles that of vitreous silica. These globules are a beautiful 
indigo-blue colour. It may be mentioned that, in this particular 
case, the silica or the vitreous silicate should contain small quantities 
of chromium in solution, and it might, therefore, be termed coloured 
“ chromium glass.”” The same remark applies to Fig. 35, where the 
structure of the globule is related to the globulite silicates of the 
ordinary steels, and is markedly greenish-blue in colour. 

In the following stage, we find more or less partial crystallisation 
of these inclusions, either in the form of transparent greenish 
granules (Figs. 36 and 37), or in the form of better-shaped crystals 
(Fig. 38), depending on their composition and probably their shape 
and speed of cooling as well. These crystallised silicates are fairly 
fragile and can be considerably broken up by mechanical treatment 
(Fig. 42, Plate XLII.). 

When the apparent acidity of the inclusions decreases, at least 
two additional constituents intervene, viz., chromite and the metallic 
phase iron-chromium. The observations which now follow were 
mostly made on inclusions contained in the crop-end of a 150-kg. 
ingot of stainless steel containing 30° of chromium. As shown in 
Figs. 39 and 40 (Plate XLI.), these inclusions have collected by 
decantation towards the top of the ingot, and have very variable 
dimensions extending from 0-01 mm. to more than 1 mm. In 
appearance, they belong to the same family, but their differences 
in size are such that the structure is much less clearly defined in 
the smaller ones than it is in the larger ones, where the constituents 
have clearly separated. 

An attempt has been made, at least roughly, to ascertain the 
bulk analysis of the non-metallic matter of which they are con- 
stituted. For this purpose, a fairly large quantity of metal was 
dissolved in dilute hydrochloric acid. The residue of the reaction, 
very abundant and green in colour, contained 40-50% of SiO,, 
22-20%, of Cr,O3, and 6% of FeO, the balance consisting of Al,O, 
and a little MnO. This analysis must not be regarded as accurate, 
because, although the metal was low in carbon, it is probable that 
some carbides contaminated the residue. At the same time, the 
analysis is sufficient to stress the markedly siliceous character of the 
inclusions. It should also be stated that these inclusions were not 
slag inclusions carried in; the slag, existing in a thin layer on the 
surface of the discard, had an entirely different microscopic aspect, 
and revealed a large proportion of CaO on analysis—an element 
which was not met with in the previous analysis. 

The constituents present are: The iron-chromium phase, 
chromite, and the double silicate of chromium and iron. 

(A) As Primary Constituents.—(1) The Iron-Chromium Phase.— 
In the state of a primary constituent, this phase appears : 

(x) In the form of dendrites (Figs. 41 and 43, 44, Plate XLII.), 
closely resembling the crystalline precipitations of iron in the system 
Fe-FeO. This form, to which we drew attention in 1934 in the 
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inclusions of this type of chromium steel, has also been found by 
Matuschka ! in the ferro-chromiums. 

(6) In the form of solid crystals (Fig. 45) or hollow ones 
(Fig. 47, Plate XLIII.), which are well defined and are sections of 
octahedra and cubes. To determine whether this particular phase 
is an iron-chromium or a carbide phase, the inclusions were attacked 
by concentrated hydrochloric acid, which etches the crystals 
(Fig. 46). They are actually found to be composed of an iron- 
chromium phase, whose chromium concentration, however, remains 
unknown. It should be noted that the attack on these crystals begins 
at a much later stage than that on the base metal surrounding 
the inclusions, but, once it starts, it is very rapid. This may be a 
temporary passivity due to the metal of these inclusions being 
relatively very homogenous and to their having only very slight 
variations in concentration capable of starting electrolytic action 
when they go into solution in the acid. 

(y) In intermediate forms between the dendrite and the crystal. 
Figs. 48 and 49 show how three dendritic branches may be formed 
by the piling of regular geometrical crystals. 

(2) The Chromite Phase.—This phase occurs in a form which 
differs very little from that found in the free state. It is met with : 


(«) In the form of very fine and thin dendrites (Fig. 41). 
(8) In the form of crystals (Fig. 50). 
(y) In the form of intermediate types (Fig. 51). 

(3) The Silicate Phase.—The silicate crystallises in the primary 
state in three forms, viz. : 

(«) Dendrites. Most frequently, these crystallise either from 
independent centres, in which case they assume the shape of four- 
pointed stars (Fig. 51), or from metallic crystals (Fig. 44) or chromite 
previously formed. They are probably identical with the ones de- 
scribed above in the incipient devitrification of the silicates (Fig. 38). 

(8) Tabular crystals of triangular section (Fig. 53, Plate XLIV.). 

(y) Small and badly formed crystalline granules. Fig. 50 shows 
the combination of crystals of chromite and of these granules 
in a ground-mass of vitreous silicate. This structure is often met 
with in a few inclusions in steels of comparatively low chromium 
content (Fig. 55). 

The structure of the silicates is scarcely visible in reflected light 
(Fig. 43). When examined under conical illumination (or with 
high-power immersion objectives), on the other hand, they are 
revealed in their true shape and colour. The colour varies widely 
from brown to greenish-yellow. They are always very transparent 
and very refractive, and stand out clearly on the background of the 
phase that has remained vitreous. 

(4) The Silica Phase.—Finally, in certain inclusions, perhaps 

1 Matuschka, Journal of the Iron and Steel Institute, 1935, No. I., pp. 213- 
224. 
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more particularly theacid ones, the silica is observed in the classic form 
of “globules” or “‘rosettes’’ already described in Part II. (Fig. 54). 

(B) In the State of Eutectic Association or Eutectic Aspect.—The 
following are the associations of this type which it has been possible 
to observe : 

(1) Hutectiferous Aggregate Metal-Silicate—The nuclei of crystal- 
lisation of the silicate dendrites are frequently made up of masses 
(of eutectic appearance) of metallic points in a very finely granulated 
mass of silicate (Figs. 52, 56, and 57), which are difficult to resolve. 

(2) Hutectiferous Aggregate Chromite-Silicate—This aggregate 
frequently occurs in a lamellar form of mosaic structure, and is 
specially observed in the vicinity of primary crystals of chromite 
(Fig. 52). 

(3) Hutectiferous Aggregate Metal-Chromite.—In this particular 
case, illustrated in Fig. 58 (Plate XLV.), it is hard to say whether 
we have to do with a true eutectic, or an emulsion produced on the 
separation of phases the reciprocal solubility of which decreases with 
the temperature. Some frequently-seen aspects of this aggregate 
(Fig. 59) recall a peritectic transformation structure such as that 
which has been observed in the system Fe—Mn—FeS—Mn8S (see 
Part LI., p. 249). 

Although the triple eutectiferous aggregate has not been clearly 
observed, it is possible that it exists. 

The aspects of the non-metallic substance of the chromium 
steels thus appear to be very complex. Actually, and as already 
pointed out, the exceptional dimensions of the inclusions studied 
and the slowness with which they have solidified (discard insulated 
with refractory material) have allowed the various constituents 
of which they are formed to occur in a form equivalent to the 
equilibrium of the corresponding non-metallic system, or at least 
in a state approximating to this equilibrium. 

On the other hand, the siliceous inclusions in industrial chromium 
steels, which are of much smaller dimensions, will only exhibit 
the segregation of the constituents described in a more rudimentary 
and incomplete manner, either owing to the relatively smaller number 
of centres of crystallisation, to more rapid cooling keeping these 
constituents in solution, or to any other similar cause. 

As a matter of fact—to go from the complex to the simple 
this time—the precipitation of one or two of the main constituents 
mentioned may be observed in an inclusion which is still more or 
less partially vitreous. 


(b) Ferro-Chromiums. 

In industrial ferro-chromiums, inclusions are met with whose 
characteristics approximate to those of the silicates described 
above. As with the steels, it is difficult to link up the silicon content 
with the precise time at which this type of inclusion appears. It 
may be well simply to note the following facts : 

1936—ii Q 
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Thirty-nine lots of low-carbon ferro-chromium containing 
variable percentages of silicon, and of widely different origin and 
manufacture, were examined. For percentages of silicon below 
0-5%, only chromite and crystalline chromium oxide were observed ; 
for percentages between roughly 0-5 and 1-3%, the presence of 
(a) chromite, (6) silicates, or (c) both (a) and (b) was noted. Above 
1-3% and up to the maximum percentage of 2° examined, silicates 
alone were observed. This finding has only a qualitative value, 
since forty observations are not sufficient for a statistical examina- 
tion. On the other hand, and for special conditions of working 
(remelting, &c.), inclusions of chromite have been observed in the 
high-silicon ferro-chromiums, and, conversely, silicate inclusions 
in low-silicon ferro-chromiums. In the absence of direct analysis, 
these observations enable us to deduce the siliceous composition 
of these inclusions. 

The constituents of the silicate inclusions contained in the 
ferro-chromiums are the same as those described above. To them 
must be added crystallised chromic oxide in forms approximating 
to those of chromite, but less frequently than the latter. 

Actually, the associated types of those constituents seem to 
be less varied here, and the silicate phase has its own more pro- 
nounced features of coloration. There are : 

(i) The “ green” silicates in the form of globular or irregular 
inclusions. They may have a very fine granular structure, with 
primary precipitation of globulites of silica (Fig. 60). They are 
greyish-violet in reflected light. Examination by conical illumina- 
tion brings out the acicular crystallisation of the ground-mass, 
the true colour of which is green to greenish-blue and the trans- 
parency considerable (Fig. 61). Other silicates of the same true 
colour exhibit a silicate-metal eutectiferous aggregate in addition 
to the acicular crystals of green silicate (Fig. 62). 

Under low magnifications, these silicates have a rough surface, 
caused by the difference in hardness of the primary constituent 
and the eutectiferous aggregate. 

(ii) The “ orange ”’ silicates. These have generally a eutecti- 
ferous structure throughout the mass, with a primary precipitation 
of silica (Fig. 63, Plate XLVI.) or chromite. They sometimes closely 
resemble the green silicates when examined at low magnifications, 
but are a little darker and have a smoother surface. Their true 
colour is orange to reddish-brown (Fig. 64). Fig. 65 shows a fairly 
frequent type of inclusion in which the orange silicate is associated 
with minute lamellze of chromite—a similar arrangement to that 
shown in Fig. 52—and also with chromite as the first-deposited 
constituent. 

(iii) The “brown” silicates. These are true dark-brown in 
colour, and are not transparent to any extent. An examination 
in reflected light at high magnification shows them to be formed of a 
very fine aggregate with three constituents, viz., the metal, a trans- 
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parent phase which is silicate, and an opaque phase which is probably 
an oxide. It is the abundance of this latter phase which gives them 
their relatively low transparency (Fig. 66). 

The differences in coloration may be due to a variable percentage 
of chromium and iron, the green silicates being richer in chromium 
and the orange and brown silicates richer in iron. Unfortunately 
it is impossible to say anything definite in this respect until more 
light has been thrown on the system silica /chromium-oxides /iron- 
oxides. It should be observed that certain of these silicates exhibit 
colours going from green to orange even inside an inclusion (see 
Fig. 70). 

It has been possible to reproduce slags similar to the green 
and orange silicates by meiting pieces of ferro-chromium with a 
small quantity of silica in a magnesia crucible. The film of slag 
collecting on top of the metallic mass is made up (Fig. 67) of fine 
striated needles of crystallised chromic oxide, and of metallic 
globules on a semi-vitreous and semi-crystallised ground-mass, 
the true colour of which, under conical illumination, changes from 
green to orange, depending on the points observed in the sample. 
Owing to the small quantity of slag collected, it was not possible 
to make a complete analysis of it. However, it contains roughly 
45%, of SiO,, the remainder consisting of chromium and iron. It 
should be noted that the inclusions in this remelted ferro-chromium 
were composed exclusively of chromite. 

It is well to point out again that polarised light, recommended 
by certain authors (Dayton, loc. cit.) for determining the true 
colour of these silicates, is not indispensible. Conical illumination 
gives much brighter images and a darker ground, and also makes 
colour reproduction fairly easy. 

Types of inclusions midway between what we have termed 
‘ globular chromous oxide ”’ and the transparent silicates are also 
found. The dark constituent encircling the first-named may in 
certain cases acquire a certain amount of transparency, which gives 
it a similar appearance to vitreous silica (Fig. 68, Plate XLVIL.). 
In this way we gradually arrive at the almost entirely vitreous 
appearance of the inclusion (Fig. 69) with a separation of oxide 
with metallic dots. 


(2) In the Presence of Sulphur and Oxygen. 


Associated silicate-sulphides are also found in ferro-chromiums. 
They are, however, fairly rare. Fig. 70 shows, in a ferro-chromium 
of older manufacture and containing high percentages of sulphur 
and silicon, a “duplex” inclusion, one part of which is made up 
of a sulphide-oxide eutectic, and the other of a silicate. 

In the same sample, the inclusion shown in Fig. 71 is a fine 
example of the complexity of the non-metallic substances in the 


1 Dayton, American Institute of Mining and Metallurgical Engineers, 
1935, Technical Publication No. 593. 
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chromium alloys. It appears to have no less than four associated 
constituents, viz., sulphide, chromite, a granular silicate, and a dark 
constituent which is perhaps an oxide phase. 


C.—Iron, CHROMIUM, AND MANGANESE. 


Where manganese is not present in very appreciable quantities 
in the chromium alloys and chromium steels, its influence on the 
form and constitution of the inclusions is not great as compared 
with that of, say, silicon. Its morphological effect is of the same 
order as what has been found in connection with the study of the 
inclusions of silicate of iron. 

It may be supposed that chromite must normally contain small 
quantities of manganese in solution, like the silicates of chromium. 
Dayton (loc. cit.) mentions that the analysis of the residue resulting 
from the chemical attack of a ferro-chromium containing inclusions, 
which, from his description, would appear to be chromite, may 
contain appreciable quantities of manganese. 

By way of experiment, he prepared an alloy containing about 

% of manganese and 3% of chromium. This steel, in which the 
silicon did not exceed 0-040%, exhibited transparent globular in- 
clusions of very basic silicate of manganese, resembling the double 
oxide (Fe,Mn)O in which is observed the separation of crystals 
closely resembling chromite (Fig. 72), only more transparent and 
of a true orange-red colour. This is probably a chromite rich in 
manganese. 

In the same sample, another very basic silicate exhibited, 
in addition to primary dendritic crystals of chromite, an irregular 
crystallisation of the ground-mass, which linked it up with the sili- 
cates found in the 30% chromium steel mentioned in the preceding 
paragraph (Figs. 73 and 74). 

Other steels containing more manganese were examined 
(carbon, 0-10% ; manganese, 10-13% ; silicon, 0-20% ; chromium, 
34%); they exhibited classic inclusions similar to the previous 
ones, although the chromium did not appear to have modified 
their aspect. 


D.—Iron, CoromriumM (SILICON), AND ALUMINIUM. 


As in the case of the ordinary steels, it is necessary to differentiate 
the two following cases : 

(1) Aluminium added, usually in small quantities, to the 
chromium alloys or chromium steels did not give rise to the formation 
of free alumina; nor do we find any appreciable modification in 
the appearance of the inclusions in this case. Since alumina is 
isomorphous with chromic oxide, it forms a continuous series of 
solid solutions with this oxide, and probably with chromite as well. 

1 Von Wartenberg and Reusch, Zeitschrift fiir anorganische und allgemeine 
Chemie, 1932, vol. 207, p. 10. 
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In chromium produced by the aluminothermic process, for instance, 
inclusions of the true green colour of chromic oxide were observed, 
plus inclusions which were of the same shape and the same colour 
in reflected light, but were almost colourless and always double- 
refracting in polarised light. Inclusions of the same type are often 
found in stainless steels to which aluminium has been added (Fig. 
75, Plate XLVIII.). 

(2) Added aluminium reacts directly on the existing inclusions, 
in which case (as in ordinary steels) characteristic clusters of alumina 
form. If a small quantity of aluminium be added to molten ferro- 
chromium, the small inclusions are entirely reduced and give rise 
to the formation of alumina (or perhaps a double oxide of aluminium 
and chromium), generally in the form of small rods (Fig. 76). As 
regards the large inclusions, they are more or less attacked at once, 
and assume the very typical appearance described in the Part II. 
of this research (Figs. 77 and 78; compare with Figs. 104 to 107 
of Part II.). 


NOTE. 


While this paper was being written, a very interesting article 
by Kérber and Oelsen ! on the influence of chromium on the acid 
slags was published. The observations and analyses made by these 
investigators throw light on, and very happily supplement, some 
of the hypotheses advanced in the present paper. Kérber and 
Oelsen found that, while SiO, and Cr,O, are immiscible, the 
addition of ferro-chromium induces the formation of thoroughly 
fusible slags. They explain the existence of silicates of chromium 
by the reduction, in the presence of ferro-chromium, of chromic 
oxide Cr,0, to chromous oxide CrO, which is probably much more 
basic in character. 

The silicates would then answer to the formula (SiO,), .(CrO),, 
or rather, in the presence of iron, (SiO,),.(CrO),.(FeO),, which 
would partially decompose on cooling, with the formation of silica 
and oxide, CrO (or (Cr,Fe)O). This latter may, in turn, lose metallic 
chromium (or an iron-chromium phase), with the formation of 
Cr,0, (or (Cr,Fe),03). The eutectiferous structures’ observed may 
therefore be decomposition structures. 

Ko6rber and Oelsen also found that certain vitreous chromium 
slags were dark blue in colour, like the vitreous globular inclusions 
described above, this colour being caused, so they state, by CrO 
in solution (by analogy with the aqueous solutions of the salts 
of this oxide). 

This example shows how the study of the non-metallic inclusions 
may be considerably helped by investigating the corresponding 
systems of slags. 


1 Kérber and Oelsen, Mitteilungen aus dem Kaiser-Wilhelm-Institut fir 
Eisenforschung, 1935, vol. 17, pp. 231-245. 
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INFLUENCE OF THE INCLUSIONS ON THE POLISHING CAPACITY OF 
RustTLess CHROMIUM AND NICKEL-CHROMIUM STEELS. 


The inclusions, representing breaches of continuity of the surface 
on which they appear, must, a priori, have a direct bearing upon 
the capacity of this surface for taking a polish. In actual practice, 
this effect is all the more important when the particular steels that 
have to take a polish and be “stainless,’’ contain high percentages 
of chromium. Now, it has been shown that chromium tends to 
increase the percentage of oxygen and inclusions in steels in which 
it is alloyed. It will, therefore, be of interest to outline the effect 
of the inclusions and their variations in this particular case. 

The polishing—both industrial and micrographic—of a metal 
actually depends on a large number of factors, among which may 
be mentioned : 


I.—F actors inherent in the metal iiself. 

(a) The natural reflecting power of its structural constituents (fer- 
ritic, martensitic or austenitic ground-mass; carbides, nitrides, &c.). 

(6) The distribution of the constituents (for instance, the detrimental 
effect of rows of coarse particles of carbides). 

(c) The relative hardness of the constituents (relief polishing, giving 
a more or less rough surface and loss of reflecting power due to diffused 
reflections). 


(d) The tendency of the surface layer of the metal to flow or be 
deformed. 

(e) The quantity, dimensions, distribution, and nature of the inclu- 
sions. 


II.—Factors inherent in the method of polishing. 


(a) The nature of the abrasive (composition, hardness, and grain size 
of the actual abrasive; physical and chemical character of its solid or 
liquid supports). 

(6) The nature of the polishing operations (number, sequence, and 
relative direction of the successive operations; the pressure of the metal 
on the abrasive, the linear speed of abrasion, heating, &c.). 


As a first approximation, we may assume all these factors, 
except J.(e), to be invariable, provided that one is polishing, by 
identical methods, the same grade of metal which has been subjected 
to precisely the same thermal and mechanical treatment. This will 
enable us to discuss the specific effect of the inclusions on the apti- 
tude of a metal for taking a polish. 

The inclusions affect the qualities of the polish more or less 
according to : 

(A) Their quantity, dimensions, and distribution, and 
(B) Their nature. . 


(A) As the substances forming the inclusions usually have a 
lower reflecting power than the metallic phase surrounding them, 
any increase in their quantity will connote an overall diminution in 
the reflecting power of the metal. 
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The coarser the inclusions, the more prejudicial will they be 
to the production of a good polish. This assumes, of course, that 
the inclusions are of the same quantity and character. The large 
inclusions are, as a matter of fact, more brittle than the small ones 
of the same kind, both during the mechanical transformations of 
the metal and during the operations of polishing. They will, there- 
fore, appear as surface defects, and these defects will be the more 
apparent, the larger the dimensions of the inclusions. 

Finally, assuming the inclusions to be equal in quantity, di- 
mensions, and character, they should preferably be distributed 
evenly instead of being, as they sometimes are, in the form of 
irregular accumulations appearing in the form of unpolished lines 
or spots which may cause the metal to be rejected. 

(B) Even where the above factors are comparable, the nature of 
the inclusions has a big effect on the results of polishing. The 
properties of the inclusions which may affect this result are as 
follows : 

(1) Reflecting Power.—Whereas the reflecting power of certain 
substances forming the inclusions is nearly the same as that of the 
metal (sulphides, nitrides), the reflecting power of numerous oxides 
(chromous oxide, silicates) is much lower. This factor is, however, 
of secondary importance, as the surface of the inclusions is always 
small compared with the surface of the metal. 

(2) Hardness—The hardness, or, more precisely, the hardness 
of the inclusions compared with the hardness of the metal surrounding 
them, is a much more important factor. The inclusions that are 
softer than the metal (sulphides in hard metals) tend to become 
hollowed out and cause pitting. The inclusions that are harder 
than the base metal stand out on it, and give rise to diffused reflec- 
tions, due to the want of flatness in their own surface and the surface 
of the metal bordering their contour. Moreover, when very 
hard, they cause the characteristic phenomenon of the peripheral 
groove (chromic oxide, alumina), this groove or furrow tending to 
detach the inclusion and allow it to be torn away in a “ comet’s tail.” 

(3) Brittleness.—Under this head must be differentiated : 

(x) The brittleness of the non-metallic substance itself. Al- 
though it usually varies in inverse ratio to the hardness, this brittle- 
ness may be independent of the hardness. Sulphide of iron, for 
instance, is practically as hard as sulphide of manganese, but is 
much more brittle than the latter. On the other hand, the brittle- 
ness of the crystalline inclusions seems to be greater than that of 
microcrystalline inclusions, or particularly vitreous ones, of similar 
composition. 

(8) Brittleness due to the heterogeneous structure of the in- 
clusion. The inclusions often contain several constituents of very 
different character. The same inclusion may be more easily broken 
or torn away by the mechanical effect of the grains of the abrasive 
when it is enclosed in the rigid and fragile substratum of another 





MORPHOLOGY OF THE 


: 
z 
; 


232 P 





‘UINIWIOIYO UBY} IOY4ZO S}JUOUE[O Bururezuod spoo}s petoods ul suotsnypout oy} YI Zulysep 
qIVq 1078] B UI UOTZdIIOSOp IIEY} 0} JAOAOT [TIA SIOYINV OY, ‘uUNIUIIy Jo soplizztu YuId oy} pus MoT OY} ‘sUOISNTOU! Jo 
sodA} UMOUY-]T[OA OA\} UTBIUOD SABA[B UY} PEppw USE SBVY UINIULITY YOY 0} S]OO}S SSOTUTBIS UUINTUIOIYO-[OHOIU UTBPIOD » 

‘OS GIOU UBAOG JO ‘SUOISUOUIIP OUTS EY} JO BUIUIN]V JO SIoysN]O sv Surystjod 03 eyuouLIyop se ore puB 
ssoue]}}1I1q [[B10A0 YSsty Ajmtey B OABY Soxe|duIOD Yong ‘ese, uSyJo puv o[QVIIVA O1B YOIYA JO SUOISUOUIIP OY} PUB ‘SNOST}IA 
poureulel sey yorya xtyeur ev dn [gy Ajojo[dur09 sso] 10 oLOUL Yor suTBIs JO WIOJ OY UI IND00 AjQUeNbesy AvuI vUIWUNTY ¢ 

*szyUOUOTO []TeUIS UT ydoodxo ‘s[oo4S SSOTUTeIS OY} UI YIIM your Ajorey *pe][Or1-p[oo USYyA 04BIZ0JUISIP 09 Pua, ¢ 





| Ta | sdnoi3 10 sor 
| Ayyeornoerg | ySrq Ayare.7 yay A104 ysry | UI IO ‘pozelosy [[eurs Aro A » UINTURZI} JO SOPLqINT 
| | s19}sn]o Ur 
[ru | S10}SN]O UI | eBrVyT Uopo ‘[T[euUIS 
| Aypeorovrg | ysiy Aypare.y ysiy AI0 A umntpeyy | A[[ereues ysoyy | Atoa = A]enprarpuyT | ¢ BUIWINTY 
[ta | } soyeurluINy,s ourteysAr0 
| Ajpeoroerg | ysry | ysIp umnIpey | pozB[OST e[qeiiea AIO A | 10 SOY VUTUIN]B-OdTTIG 
| Bors 
MO'T ystH | Ioystyz | MO'T poye[osy | wimMIpour JO [[eurg | JO sozBoT]Is plow’ SNOeI}IA 
| epny quo} 
| -TUBBVUI JO JopI0 poze, | -u0d: UINTUIOIYD MOT JO 
ysiyt Mo] Ajare,y | cures §=604} «jo MoT |-ost Al]Tensq QIGVUIBA | SOPBOTTIS OIseq SNoeIzIA 
eul[eysAr10 IO 
mor | MOT roysry AT7YSIs eSieyt =| ‘outeysAaoororur = Sunt 
IO uINnIpey=y | 10 umMrpeyy | io oures oY, MOT | poyeposy | Ajarey IO wiMrpey_ | -WIOIYyD UT YoII sezBorTIg 
Jomo] ATQYy Zs | | | 
OBvIOAY | MOoT|IO ous oYy,| Mol AI0Q pozBjosy uIMTpeur IO [jBUIg eprxo snoworyy | 
[mu | yay | 
Aypeoroeig wintpeyy | zoysry Ayourystq pci dl pozBlOsT Trews z OPIxo ormzo0ryy | 
[ru | soysry AYQYysys yay | sdnois IOSMOI 
Ajpeoroeig MOTJT/1IO ‘ourBs oT, Ajare,y | ut 10 ‘pozelosy [ewig | 1 eyIUOIYO 
IOMO] sdno13 10 sMoi sopryd 
yaty AIO A | MoT|}10 ‘owes o4F ysry | ur ro ‘pozejosy | umrpour Jo [jeurg | -[ns pues seprydins-Ax6 | 





| *IOMOT | s *SUOISUOUII(T 
poredu0p ssoupseyy Surqoopoy ToWNguys} quanbeig 4S0jy 


*AqyIqvuLioyeqy jo ssouemqud *SUOISN[OUT 94} JO oINgQVN 





“suoTsnypouy Lae ahd *TeIOFY Oy JO 9B? WIT 
i 





‘suoisnjouy fo sadh 7, quasaffiq fo soystuappsvyg— TI AAV, 


INCLUSIONS IN SIDERURGICAL PRODUCTS.—PART Ill. 233 P 


non-metallic substance, than it would be if enclosed in the actual 
metal, which is more elastic and more deformable. 

(y) Brittleness due to a dislocation caused by mechanical de- 
formation below the softening temperature of the inclusion. In the 
course of the mechanical deformation by rolling, forging, drawing, 
&c., of a metal containing inclusions having one or more constituents, 
several cases must be considered : 


(i) The inclusions are neither deformed nor broken. Their 
appearance and their brittleness in the cold-worked state is 
the same as in the state as cast (silica, alumina), except in the 
case of certain inclusions having very pronounced angular 
contours, which are to a certain extent “ worn in” and more 
or less rounded (chromite). 

(ii) The inclusions are deformed without breaking, having 
a variable plasticity at the temperature involved (for example, 
sulphides). 

(iii) The inclusions which break during deformation owing 
to their dimensions and their own great brittleness. The 
non-metallic substance is then more or less disintegrated, 
ceases to possess cohesion, and is partially or totally torn out 
during the process of polishing, involving damage to the 
adjoining metal (for example, silico-aluminates). 


It is, however, possible, as stated in Part II., that the association 
of brittle inclusions in a malleable matrix protects them from 
breakage and disintegration during deformation. 

Table II. shows, qualitatively, the characteristics outlined 
above for the different types of inclusions liable to be met with 
in the usual stainless steels in the state in which they are used, 
i.e., those which are more often cold-worked (plates, bars, &c.) and 
sometimes cast. It will be noted that the inclusions that are most 
detrimental to the production of a good polish are alumina, the 
silico-aluminates or aluminates, and the nitrides of titanium, while 
the least harmful inclusions are the oxysulphides and sulphides, 
chromous oxide, chromite, &c. 

One must not, however, lose sight of the fact that the inclusions 
are not the only factor, and that in many cases they may only have 
a secondary effect as compared with the other elements involved 
in obtaining a satisfactory polish. 


The study of the inclusions in the special alloys steel, which began 
with the chromium steels, will be continued in a succeeding Part 
for the other alloying elements, particularly titanium, vanadium, 
zirconium, &c., together with an investigation of the inclusions in 
various complex Cr—-W, Cr-Mo, &c., steels. 


This investigation has been carried out in the department 
devoted to the estimation of oxygen and inclusions of the Ugine 
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Electric Steelworks. The authors thank the management of these 
works for permission to publish these results, and particularly 
Monsieur Perrin for his kind assistance in the work. 


Description of Illustrations on Plates XXXIV.—-XLVIII. 
PLaTE XXXIV. 


Fria. 1.—(Sample No. 1). Chromite in regular crystals; sections in shape of 
truncated parallelogram and of rectangle. In the latter crystal, two 
metallic inclusions of partially angular contour, and an irregular 
inclusion cut very obliquely through the plane of polishing. The 
chromite exhibits interference fringes at this place. Colour very 
dark greyish-black (immersion in cedar-wood oil). x 1100. 

Fie. 2.—(Sample No. 1). Another regular crystal of chromite, greyish-violet 
in colour. (Dry objective.) x 500. 

Fic. 3.—(Sample No. 1). Same feature of hollow crystals of chromite in the 
ferro-chromiums. xX 275. 

Fic. 4.—(Sample No. 2). Crystalline skeleton of chromite. The very slender 
radial branches are sometimes deformed. x 330. 

Fie. 5.—(Sample No. 3). Assembly, of dendritic appearance, of hollow 
crystals of chromite. x 165. 


PLATE XXXV. 


Fie. 6.—(Sample No. 4). Dendritic inclusion and eutectiferous mass of 
chromite in a ferro-chromium, remelted, superheated and super- 
oxidised, and cooled rapidly. x 330. 

Fic. 7.—(Sample No. 5). Chromite in rounded and irregular elements in a 
thin sheet of stainless steel. Certain crystals, which were consider- 
ably crushed, were torn out during polishing. x 275. 

Fie. 8.—(Sample No. 5). The same sample as Fig. 7. x 500. 

Fies. 9 and 10.—(Sample No. 1). The chromite crystal visible in Fig. 9 is 
slightly scaled a little below the plane of polishing. Instead of 
appearing (Fig. 10) completely opaque and visible only in the form 
of a thin bright border outlining its contour, the crystal exhibits 
an internal reflection changing from bright yellow to dark red from 
bottom to top. x 330. 


PLATE XXXVI. 


Fie. 11.—(Sample No. 2). Above, right, large crystalline inclusion of chromic 
oxide; difficult to polish and with a slightly rough surface, it is 
surrounded by a dark furrow. Below, left, crystalline skeleton of 
chromite similar to that of Fig.4. x 265. 

Fie. 12.—(Sample No. 2). Same point as Fig. 11, seen in dark-ground 
illumination. The furrow surrounding the inclusion of chromic 
oxide is visible by very clear reflections. The inclusion exhibits 
dark-green internal refiections. On the other hand, the chromite 
is surrounded by a very fine and bright border, showing that it is 
located on approximately the same plane as the metal surrounding 
it. The upper element of the inclusion, which is broken, has red 
internal reflections. x 265. 

Fia. 13.—(Sample No. 2). The same point as Fig. 11, after being attacked 
with Baeyertz’ reagent. The chromic oxide is*intact, and the 
chromite highly corroded. The etching brings out the carbides 
deposited around the chromite. x 265. 

Fia. 14.—(Sample No. 2). Inclusion in the form of an irregular lozenge 
possessing approximately the optical properties of chromite. 

Examined with an immersion objective and with the illumination 
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stopped down considerably reveals the presence of an acicular phase 
which is slightly lighter and of Widmanstiatten structure. This 
micrograph was reproduced by means of a plate giving marked 
contrasts, and a “‘hard”’ printing paper. x 1100. 

Fic. 15.—(Sample No. 2). Same point as Fig. 14, after etching with Baeyertz’ 
reagent. Etching brings out the acicular appearance. The acicular 
constituent seems to appear in light relief on the background. 
x 1100. 


PLATE XXXVII. 


Fic. 16.—(Sample No. 6). ‘‘Globular oxide.” The brightest constituent, of 
dark greyish-violet colour, is probably a double oxide of chromium 
and iron (chromous oxide). It exhibits a very fine precipitation 
of metallic particles. It is surrounded by a black constituent, also 
existing in the form of rounded masses inside the inclusion. The 
nature of this second constituent is unknown, but apparently it 
ought to contain silica (see Figs. 18 and 68). x 500. 

.—(Sample No. 6). Same inclusion as Fig. 16, seen in dark-ground 
illumination. The oxide constituent is absolutely opaque. The 
marginal constituent is very slightly transparent, observable only 
in places. Note the interference fringes at the lower edge of the 
inclusion. The hardness of the metallic particles differs from that 
of the background, and makes them appear in the form of bright 
spots. x 500. 

Fic. 18.—(Sample No. 7). Inclusion of the same type as Fig. 16, without 
the precipitation of metallic particles. The masses of the dark 
constituent precipitated inside the inclusion are related in shape to 
the ‘‘rosettes” of devitrification of the silicates of iron. The 
inclusion polishes very well and has a very smooth surface. x 500. 

lia. 19.—(Sample No. 7). ‘‘ Globular oxide.’’ This inclusion is also of the 
same family as that in Fig. 16. Owing to the immersion in cedar- 
wood oil, the reflectivity of the ground constituent is very low; the 
latter appears dark and blends with the marginal constituent. The 
entire mass of the inclusion is interspersed with a very fine metallic 
precipitation of eutectic aspect. 1100. 

lic. 20.—(Sample No. 8). Double-constituent sulphide in the crop-end of a 
steel ingot for ball bearings. Dark constituent: Double sulphide 
of manganese and iron, dove-grey in colour. Light constituen 
Small triangular crystals of sulphide of chromium (and iron); colour, 
light grey. x 1100. 

Fic. 21.—(Sample No. 8). The same inclusion as in Fig. 20 after etching for 
5 min. with a 10% aqueous solution of chromic acid. The dark 
phase is considerably corroded, involving expulsion of the metallic 
particle from the centre of the inclusion. The crystals of the light 
phase adhere to the wall of the inclusion, which remains unattacked. 


x 1100. 


Fic. 1 


PuaTE XXXVIII. 

lia, 22.—(Sample No. 9). Inclusion of sulphide of chromium, of yellowish- 
pink colour, in a sample of 99% chromium. In the centre, irregular 
crystalline inclusion of chromic oxide (green internal reflections). 
The dark points surrounding tle inclusion of sulphide are particles 
torn away during the polishing process. x 330. 

Fie. 23.—(Sample No. 9). The same inclusion as Fig. 22 after being etched 
in an aqueous solution of boiling chromic acid, which brings out an 
acicular structure. The chromic oxide remains unattacked. x 330. 

Fic. 24.—(Sample No. 10). Sulphide or oxysulphide rich in chromium, with 
eutectiferous segregation of dark particles vo’ oxide. Irregular 
crystal of chromite. x 1100. 
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25.—(Sample No. 10). Sulphide of chromium (and of iron) in a rolled 
stainless steel. x 1100. 

26.—(Sample No. 1). Complex inclusion containing two crystals of 
chromite surrounded by a globular mass of oxysulphide; this mass 
contains metallic particles (white) and particles of oxide (black). 
x 1100. 


PLATE XXXIX. 

27.—(Sample No. 11). Large inclusion found in a remelted and sul- 
phurised ferro-chromium. The light constituent is a complex 
oxysulphide, and the dark constituent is oxide (or a not very trans- 
parent silicate). x 65. 

28.—(Sample No. 11). Details as for Fig. 27. The following may be 
differentiated : The oxysulphide in grey siitlan (pink colour) on a 
spotted background of bright metallic dots and dark grey oxide 
dots. The whole is separated in the form of rounded masses having 
the appearance of drops. The dark constituent, true blackish-grey in 
colour, is granular, traversed by metallic particles, and bordered by 
a black constituent in contact with the oxysulphide. x 1100. 

29.—(Sample No. 11). Another oxysulphide—-oxide inclusion. The 
sulphide (light phase) has a constitution similar to that of Fig. 28; 
the oxide (dark phase) has a structure approximating to the inc Jusion 
of Fig. 19. x 1100. 

(Sample No. 11). Globules of oxysulphides; heterogeneous 
structure which cannot be resolved distinctly. The globules are 
surrounded at their periphery by small black points of an unidenti- 
fiable constituent (oxide?) of extreme smallness, which are often 
characteristic of the sulphides in the chromium alloys. x 1100. 

31.—(Sample No. 11). The same point as Fig. 30, after being etched 
with boiling chromic acid. The globules are partially attacked. 
x 1100. 

32 and 33.—(Sample No. 12). Oxysulphide with metallic specks, before 
and after oxidation at raised temperature. x 1650. 


30. 





PLATE XL. 


34.—(Sample No. 13). Globules of vitreous silica, one transparent and 
the other translucent, containing chromium. Colour, indigo. The 
colour of these inclusions comes out better in reflected light after 
the background metal has been attacked so as to avoid too violent 
contrasts. Etched by the hot-oxidation method. x 1100. 

(Sample No. 13). Inclusion similar to the previous ones, with 
segregation, at the edges and towards the centre, of a slightly more 
opaque constituent recalling the globulites of silica. Colour, green- 
ish-blue. xX ee 

36.—(Sample No. 14). Silicate exhibiting partial devitrification. The 
vitreous mass appears very dark, and only the granules of silicate 
cut through the plane of polishing are visible in the form of small 
and brighter spots when the inclusion is examined with a dry 
objective. x 660. 

37.—(Sample No. 14). The same inclusion as Fig. 36, examined with 
an immersion objective. The reflection caused sby the vitreous 
ground-mass is suppressed, and the crystalline granules are discern- 
ible even in the mass of the inclusion. Colour, bluish bottle-green. 
x 1100. 

38.—(Sample No. 13). Similar inclusion to Fig. 34, exhibiting partial 
devitrification in the form of star-shaped crystals. Ground-mass, 
indigo-blue; crystals, yellowish-green. x 1100. 
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PLATE XLI. 

39.—(Sample No. 15). Fragment of the crop-end of a steel ingot con- 
taining 30% of chromium, exhibiting a large number of inclusions 
which are sometimes of considerable dimensions. The irregular 
border at the left represents the section of the top surface of the 
discard. The arrow shows the direction of the vertical line from 
bottom to top. x 3. 

40.—(Sample No. 15). Same sample as Fig. 14 after etching, showing 
the primary crystallisation. It will be noted that the direction of 
the crystals and dendrites of primary crystallisation coincide approx- 
imately with the direction of aligument of the inclusions. However, 
the latter are not exactly at the joints nor in the axis of the den- 
drites only. x 3. 

41.—(Sample No. 15). Part-view of one of the large inclusions of Fig. 
39. Dendrites of chromite, in the shape of fern leaves (grey) and 
metallic dendrites on the ground-mass of partially crystallised silicate. 

263. 


PuatTE XLII. 


42.—(Sample No. 16). Inclusion of the same type as Figs. 36 and 37, 
in rolled metal, showing the slight amount of plasticity. x 330. 

43.—(Sample No. 15). Dendrite of iron-chromium metallic phase on a 
ground-mass of partially crystallised silicate. Examination in 
reflected light does not enable the crystallisation of the ground-mass 
to be clearly detected. x 330. 

.—(Sample No. 15). Same point as Fig. 43, observed by conical 
illumination. The crystallisation of the silicate of chromium and 
iron, in the form of yellowish-green foliated crystals on a bluish 
vitreous background, is very clearly discernible. x 330. 

45.—(Sample No. 15). Cubic metallic crystals on a ground-mass of 
partially crystallised silicate. The violent contrast in brilliancy 
causes the silicate to appear black in the photographic reproduction, 
whereas it is markedly transparent. x 1100. 

6.—(Sample No. 15). Same point as Fig. 45. After etching with 
concentrated hydrochloric acid, the cubes of the iron-chromium 
phase are corroded. , 1100. 


— 
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PLATE XLII. 


47.—(Sample No. 15). Point close to that in Fig. 45. Metallic elements 
in the form of lamelle and a hollow cube on a ground-inass of 
silicate. x 1100. 

48.—(Sample No. 15). Metallic formation of imperfect and irregular 
dendritic appearance. Examination with an immersion objective 
reveals the extremity of another metallic formation in the mass of 
silicate which surrounds the first one. x 1650. 

49.—(Sample No. 15). Same point as Fig. 48. The focusing has shifted, 
showing that the internal metallic formation mentioned above exists 
in the form of three branches, formed by the heaping of idiomorphous 
metallic crystals. 

50.—(Sample No. 15). Part-view of an inclusion containing crystals of 
chromite and granules of silica on a vitreous ground-mass. (Com- 
pare with Fig. 37.) x 1100. 

51.—(Sample No. 15). Types of stellar crystals of silicate of chromium 
and iron. These crystals are dendritic in appearance, the branches 
being represented by very fine lamellie close together. The general 
colour is yellowish-green, with very marked interlamellar inter- 
ferences. The vitreous ground-mass is bluish-green. x 1100. 
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52.—(Sample No. 15). Part-view of a complex inclusion. The large 
grey crystals and the crystals round the edges are chromite. The 
dark masses are vitreous. Throughout the top left-hand region of 
the illustration there is a chromite-silicate eutectiferous aggregate 
of mosaic lamellar appearance. In the bottom right-hand region 
there is an aggregate of silicate and metallic globules. x 660. 


PLATE XLIV. 


(Sample No. 15). Another crystalline form of the silicate of 
chromium and iron; tabular crystals of triangular section. 1100. 

54.—(Sample No. 18). Part-view of an inclusion showing a segregation 
of globulites of silica and metallic dendrites on a background of 
partially devitrified silicate. 330. 

55.—(Sample No. 17). Chromite crystals in a mass of silicate of chromium 
and iron partially devitrified. At high power, the structure of this 
inclusion, met with in rolled nickel-chromium steel, is identical in 
appearance with the one shown in Fig. 50. x 330. 

56.—(Sample No. 15). Part-view of a | ge inclusion exhibiting eutecti- 
ferous masses of silicate-metal. A few light-grey crystals of chro- 
mite. All the crystallised parts are in slight relief on the ground- 
mass, which has remained vitreous. x 165. 


53. 





a. 57.—(Sample No. 15). Same point as Fig. 56, conical illumination. 


The silicate-metal eutectiferous aggregates are light and of irregular 
structure; they have acted as centres of crystallisation for the 
silicate crystals. The chromite, which is opaque, appears black, 
and the rest of the non-devitrified silicate dark blue. x 165. 


PLATE XLV. 


58.—(Sample No. 18). Part-view of a large inclusion. Chromite-meta 
aggregate in the form of emulsion. x 500. 

59.—(Sample No. 15). Large chromite crystal exhibiting a separation 
of the metallic phase, on a ground-mass of silicate-metal. x 500. 


60.—(Sample No. 19). Globule of “* green ”’ silicate in a ferro-chromium. 
Colour in reflected light, dark greyish-violet. Separation of silica 
globules in the middle. Structure fine-grained. At low power, the 
surface of the inclusion appears rough. 500. 

61.—(Sample No. 19). Same inclusion as Fig. 60, conical illumination. 
The inclusion has crystallised into bluish-green lamellz on a lighter 
green background. The silica globules are semi-transparent. 
x 500. 

62.—(Sample No. 20). Large ‘‘ green ”’ silicate similar to the previous 
one, but with an abundant metallic precipitation. x 500. 


Puate XLVI. 

63.—(Sample No. 19). ‘ Orange ”’ silicate. The ground-mass of the 
inclusion is formed of a very fine aggregate of two constituents 
(metal-silicate) and perhaps three (oxide?). The separated con- 
stituent is probably silica, more or less pure, in the form of 
‘* globulites.”” This type of inclusion may also occur with a border 
of this same constituent; but, apart from its true colour and trans- 
parency, it then resembles the “ globular oxide ’’*type of Fig. 18. 
The surface of the whole is very smooth. x 500. 

64.—(Sample No. 19). Same inclusion as Fig. 63, viewed in conical 
illumination. True colour, orange to brownish-red. x 500. 


65.—(Sample No. 21). Orange silicate of eutectiferous structure; 
chromite (light), silicate (dark). Primary crystals of chromite. 
x 660. 
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66.—(Sample No. 20). ‘‘ Brown” silicate. Eutectiferous structure of 
three constituents, viz., metal (white), silicate (light grey), oxide 
(dark grey). x 1100. 

67.—Silica-oxide slag of chromium-oxide of iron. Chromic oxide in 
striated needles on a partially crystallised ground-mass of green and 
orange silicate, with metallic specks. x 500. 


Pate XLVILI. 


68.—(Sample No. 7). Emulsion of the same type as Fig. 19. The 
black constituent which borders the inclusion is vitreous in places. 
x 1100. 

69.—(Sample No. 19). Vitreous inclusion with irregular elements in 
process of coalescence, exhibiting an internal separation of opaque 
globules of oxide with metallic specks. x 330. 

70.—(Sample No. 20). Mixed silicate-sulphide inclusion. Top, left, 
sulphide or oxysulphide of chromium, with eutectiferous segregation 
of globules of oxide. Top, right, silicate whose true colour is partly 
green and partly orange. x 1100. 

71.—(Sample No. 20). Complex inclusion. Light grey: Sulphide and 
oxysulphide of chromium (heterogeneous). Medium-grey: Chromite 
(triangular crystal with rounded edges). At the centre, black and 
opaque: Oxide, or very opaque silicate. In addition, greenish trans- 
parent silicate in granules, usually surrounded by the _ black 
constituent. x 1100. 

72.—(Sample No. 21). Illumination by prism. Globule, true yellowish- 
green in colour, of oxide or very basic silicate of manganese, with 


the segregation of four small crystals and a medium crystal of 


chromite. x 330. 

73.—(Sample No. 21). Globule of basic silicate of manganese with 
segregation of light dendritic crystals of chromite. x 165. 

74.—(Sample No. 21). Same inclusion as Fig. 73, conical illumination. 
The chromite crystals appear black, owing to their opacity. The 
ground-mass constituent is micro-crystallised and greenish-yellow in 
colour. x 165. 

PuaTE XLVIII. 

75.—(Sample No. 22). Mass of inclusions, deformed by rolling, in 
a stainless-steel sheet. Probably compound (Cr,Al),O; or 
(Cr,Al),0,.FeO. Colourless when thin. x 650. 

76.—(Sample No. 23). Alumina, or oxide (Al,Cr),O, rich in alumina, 
in a ferro-chromium to which aluminium has been added. Small 
colourless rods under oblique illumination. x 500. 

77.—(Sample No. 23). Large inclusion containing chromite and metallic 
particles on a vitreous ground-mass, and which has suffered partial 
reduction by the aluminium (centre of micrograph). The two black 
and round spots are cavities. x 330. 

.—(Sample No. 23). Same point as Fig. 77, conical illumination. 
The untransformed ground-mass of the inclusion is opaque. The 
grains of alumina, difficult to polish and harder than the ground- 
mass, are marked by a bright border. 
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THE INFLUENCE OF VANADIUM ON NICKEL- 
CHROMIUM AND _ NICKEL-CHROMIUM- 
MOLYBDENUM STEELS.! 


By H. H. ABRAM, M.Sc., F.Inst.P. (Researcu DEPARTMENT, 
W ooLwIcH). 


SYNOPSIS. 

It has been found that in the two types of steel examined, addi- 
tions of vanadium exceeding 0-1% tended to preserve almost constant 
mechanical properties when the hardened steels were progressively 
tempered throughout the range 500-650° C. 

This is due to the temper-hardening caused by the precipitation 
of vanadium carbide from supersaturated solution in alpha-iron, 
counteracting the normal softening produced by tempering from 
500° to 650° C, 

This effect of vanadium on the mechanical properties permits 
considerable latitude in the tempering temperature. 

The hardened and tempered steels possessed a good combination 
of mechanical properties, and no important reduction in the notched- 
bar impact value (relative to hardness) was associated with the 


temper-hardening effect. 
For the steels examined the most suitable vanadium content 


appeared to be 0-15-0-25%. 


IN a previous paper an account was given of the influence of 
vanadium on carbon steels and on steels containing nickel and 
chromium.” It was shown that vanadium induces temper-hardening 
which tends to counteract the softening normally produced by a 
progressive rise in the tempering temperature from 500° to 625° C, 
The deleterious effect on the impact figure which accompanies the 
greater tensile strength produced by temper-hardening was con- 
siderably less in nickel-chromium-vanadium steels than in carbon- 
vanadium steels. The present paper deals with the influence on 
the mechanical properties of additions of vanadium to nickel- 
chromium and nickel-chromium-molybdenum steels. 


MATERIALS USED. 

The steels were made in a high-frequency induction furnace 
and cast into ingots 30 lb. in weight and 3 in. square in section. 
The ingots were reheated and forged to rectangular bars, 1} x ? in. 
1 Communication from the Research Department, Woolwich, received 


May 21, 1936. 
2 H. H. Abram, Journal of the Iron and Steel Institute, 1934, No. II., p. 351. 


1936—ii R 
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TasLe I.—Chemical Analysis of the Steels. 


Composition. 














| Bios» 1 Mark: 
C. Mn. Ni. Cr. Mo. Vv. 
cores 
1 NHX 0-32 0-20 2-04 0:97 Nil Nil 
> |i NBZ 0:27 0-21 2-09 1-05 Nil 0-13 
3 NHY 0-31 0-22 2-12 1-01 Nil 0-21 
4 | NIB 0-31 0:20 2-10 0-96 Nil | 0:36 
5 NJA 0:27 | O-19 2-07 1-04 Nil 0-46 
6 NRP 0:29 0:56 2-80 0-69 0-67 Nil 
7 NRQ 0-27 0-62 2-55 0-65 0-65 0-13 
8 | NRR 0:27 0-68 2°55 0-65 0-61 0-20 
{ NSY 0-29 0-65 2-60 0-69 0-70 0:27 
9 !| NSZ 0:27 0-54 2-60 0-66 0-73 0-29 
NTA 0-28 0:73 2-65 0-69 0-67 0-29 
10 | NTB | 0-27 0-77 2-60 0:67 0-60 0-45 
11 NBN 0-31 0-18 2-60 0°75 0-60 Nil 
12 NBS 0-31 0:22 2-65 0:75 0-45 Nil 
| 13 NBP 0:30 0-23 2-65 0-75 0-50 0-33 
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Fig. 1.—Effect of Hardening Temperature on Elastic Limit and Maximum 
Load. 
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in section. The compositions of the steels are given in Table I. 
Steels NSY, NSZ, and N7'A were almost identical in composition, 
and their behaviour throughout the tests was very similar. The 
data given for steel No. 9 consist of the averages of the closely 
concordant results obtained with these three steels. 


Heat TREATMENT AND MECHANICAL TESTS. 


The main series of tests was carried out on the steels which had 
been oil-hardened from 900° C. in the form of bars, 1} x ? x 5in., 


tempered for 1 hr. at temperatures ranging from 450° to 700° C. 

TaBLE II.—Effect of Oil-Hardening Temperature on the Mechanical 
Properties of Steels Hardened as Pieces 5 x 14 x ?in., Tempered 
for 1 hr. at 600° C., and Cooled in Air. 











F — | 
Oil Limit of v; ‘ | ; 
No. by ‘ ened | tionality. Tons. per, Tons per Ratio. ation. | of Area. Figure, 
° from— Tons per aes ema Yee %. Ft. Ib 
°G, sq. in. 8q. In. | 8q. in. t. ib. 
(a) Nickel-Chromium Steels. 
1 | Nil 950 | 34 | 40-4 49-7 0-81 22 63 76 
900 | 35 39-8 49-4 0-81 22 65 75 
850 34 44-0 53-0 0-83 22 60 71 
2/'0-13; 950 ; 41 55-2 63-3 0-87 18 53 25 
900 | 44 52-8 60-6 0-87 20 62 39 
850 | 46 52-6 59-9 0-88 20 57 49 
3 | 0-21); 950 46 56-5 65:2 0-87 19 52 20 
900 47 54-8 63-2 0-87 19 58 26 
850 | 48 53-5 59-4 0-90 1 57 49 
4 | 0:36| 950 49 | 59-2 67-7 0-87 18 50 10 
900 50 57-2 | 64:0 | 0-89 20 60 36 
850 51 556 | 60-9 | 0-91 19 48 43 
5 | 0:46) 950 48 60-2 68-3 0-88 15 34 16 
900 52 57-7 | 64-7 | 0-89 20 57 24 
850 50 56-4 | 61.3 | 0-92 21 55 40 
(b) Nickel-Chromium-Molybdenum Steels. 
6) Nil 950 51 63°3 70-2 0-90 18 61 51 
900 56 68-8 76-0 0-90 18 59 42 
850 60 70-6 77:1 0-92 18 58 42 
7 | 0-13; 950 63 77:5 83-9 0-92 18 55 33 
900 66 77-6 84-9 0-91 18 54 31 
850 64 77:3 82-9 0:93 18 52 34 
8 | 0-20! 950 64 80-0 85-9 0-93 20 6 24 
900 67 80-0 86-2 0:93 17 55 28 
850 67 79-2 84-4 0-94 19 56 30 
9 | 0-28 950 68 83-8 90-7 0-92 18 53 20 
900 70 83-3 89-7 0-93 18 52 26 
850 71 84+] 87-4 0:96 18 54 28 
10 | 0-45, 950 68 85-0 91°3 0-93 17 50 22 
900 72 85:2 90-3 0-94 17 50 20 
850 68 82-8 85-4 0-97 18 53 30 


90/ 


* Load giving permanent extension of 0-2%. 
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and cooled in air. Comparison of the effect of oil hardening from 
950°, 900°, and 850° C., followed in each case by tempering for 1 hr. 
at 600° C. suggested that 900° C. was the most suitable hardening 
temperature to use. 

Raising the hardening temperature from 850° to 950° C. reduced 
the tensile strength of the hardened and tempered steels which 
were free from vanadium, but progressively increased that of the 
steels containing vanadium as the vanadium content rose (Fig. 1). 
These changes in tensile strength were in general accompanied by 
the usual corresponding changes in yield point, elongation, reduc- 
tion of area, and notched bar impact figure, but the limit of pro- 


TaBLE II].—Mechanical Properties of Stecls Oil-Hardened from 
900° C. in the Form of Specimens 5 
1 hr. and Cooled in Air. 


Tem- Limit of Yield 








| 
| 
| Fi ; Maximum i ‘ en | Izod 
No N Teape tionality. | Point.s oad. — Yi ld porn yoy Impact 
| %- ature, | Tons per | ons per rons pe Ratio. Oo , %, Figure. 
| 0G, sq. in. sq. in. sq. in. |} Ft. Ib. 
a ———_——|—_-—— —| Se ere ees eee eee Loree once 
(a) Nickel-Chromium Steels. 
1; Nil ; 450 | 42 51-2 60-6 0-84 18 59 42 
| 500 41 49-6 58-6 0-85 19 60 46 
550 40 47-2 56-0 0-84 20 62 59 
600 35 39-8 49-4 0-81 22 65 75 
650 | 34 38-4 48-2 0-80 »3 66 75 
700 24 29-6 42-8 0-69 30 72 93 
210-13; 450 43 | 546 63-2 0-86 17 57 35 
500 42 | 50:8 57-5 0-88 Be | 59 41 
| 550 | 43 | 50-0 58:8 0:85 18 | 58 48 
| 600 | 44 | 52:8 | 60-6 0-87 20 | 62 39) 
650 43 49-4 57°8 0-86 20 63 47 
| 700 | 39 | 45-0 | 52:3 | 0-86 3 | 67 72 
3 | 0-21) 450 44 | 56-0 64:8 0:86 15 | 5&6 29 
|} 500 45 54:4 63-0 0-86 17 57 35 
| 550 43 53°3 62-1 0-86 18 58 31 
| 600 47 54:8 63-2 0:87 | 19 58 26 
| 650 46 52-2 60:1 0-87 20 57 29 
700 | 39 43-2 51-6 0-84 23 | #68 69 
410-36] 450 | 53 56:8 | 65:8 0-86 | 16 56 29 
| 500 | 51 | 544 | 62-1 0-88 18 58 34 
550 | 61 | 55:0 | 62-4 0-88 19 59 33 
600 | 50 57-2 64-0 0-89 20 | 60 36 
650 | 52 | 56:8 63-5 0-89 21 =| «60 33 
700 | 47 | 487 | 53-6 0-91 21 68 55 
5 |0-46| 450 | 52 | 56-0 64:7 0-87 16 54 | 30 
500 | 51 | 56-2 | 644 | 0-87 | 17 ,| 58 | 28 
550 51 | 55-4 63-4 0-87 16 50 33 
600 | 52 | 57-7 64-7 0:89 20 57 24 
| 650 51 | 56-2 62-7 0-90 | 20 58 34 
| 700 | 41 | 44:8 52-3 0-86 22 61 60 





* Yield point = load giving permanent extension of 0:2%. 


, 


xX 1} xz in., T'empered for 
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TABLE III.—(continued). 


Tem- | Limit of ss = | | 
‘ Vv pering Propor- | Rd seg — Yield Elong- | Reduction es 
No 0" Temper-| tionality. | ons per Tons per | Ratio, | ation. | of Area. | picure, 
nd ature. [ons per P %. %. } 1 
°Q, aq. in. sq. in. sq. in. | | | Ft. lb. 
(b) Nickel-Chromium-Molybdenum Steels. 
6; Nil 450 66 78-4 88-4 0-89 14 49 22 
500 62 73°8 83-4 0-88 16 §2 28 
550 59 73-2 82-2 0-89 17 55 32 
600 56 68:8 76-0 0-90 18 59 42 
650 50 58-4 65-7 0-89 20 63 CO} 56 
700 38 46-4 58-2 0-80 | 23 65 75 
7 | 0-13! 450 68 79-0 87-8 0-90 | 15 52 | 24 
500 66 77-0 84:8 | 0-91 16 53 | = (27 
550 66 77-6 | 85-1 0-91 | 17 50 29 
600 66 77-6 | 84-9 0-91 | 18 54 31 
650 66 76-0 81-2 0:93 | 17 55 | 36 
| 700 53 65-2 | 69-8 0-93 20 59 | 49 
8 | 0-20! 450 65 78:8 | 87-7 0-90 | 15 52 23 
| 500 67 78-0 | 85-2 0-92 | 16 53 26 
| 550:| 68 788 | 856 | 0-93 | 17 54 | 27 
600 67 80-0 | 86-2 0:93 | 17 55 28 
| 650 | 65 | 77-3 | 82-2 | 0-94 17 16 31 
700 53 65:0 | 69-6 0-93 | 20 60 50 
9 | 0-28; 450 68 80-9 | 90-2 0-90 | 15 50 | 22 
500 69 80-2 | 87-7 0-91 16 50 25 
| 550 69 | 80-6 | 87-9 0-92 16 7) ee ee 
600 70 83-3 | 89-7 0-93 17 52 OC 26 
| 650 72 83-7 | 882 | 0-95 17 52 27 
| 700 67 76:1 | 78-6 0-97 17 54 | 34 
10 | 0-45 | 450 68 82-0 90-0 0-91 14 49 | 22 
| 500 69 82-1 | 87-6 0-94 16 50 | 24 
| 550 | 70 | 823 | 887 | 093 | 17 51 | 22 
600 72 85:2 90-3 0-94 i7 50 20 
650 75 | 856 | 888 0-96 | 16 50 | 21 
700 70 77:5 78:8 0-98 16 §2 34 
1] Nil 450 59 78°38 | 87:1 0-91 | 13 50 22 
500 59 76-6 | 84-0 0-91 | 11 41 23 | 
550 57 73-9 80-8 0-91 13 39 3 
600 56 71-0 | 77-2 | 0-92 | 16 53 | 30 
650 49 58-8 | 65-7 0-89 | 19 59 | 4i 
700 | 48 51:8 | 60-8 0-85 | 18 57 | 44 
12 Nil | 450 | 64 79-8 85-2 0-94 | 11 40 20 
500 | 60 74:8 80-2 0-93 15 57 24 
550 60 72-2 | 77-6 0-93 18 59 30 
600 | 52 64-6 70:3 0-92 20 62 44 
650 48 54-6 | 60-9 0-90 21 65 60 
700 | 43 48-6 | 56-4 0-86 2] 57 | 656 
13 | 0-33! 450 | 67 81-8 87-5 0-94 14 52 20 
500 68 81-8 86-0 | 0-95 16 53 23 
550 | 70 84:4 | 88-8 0:95 | 16 55 21 
600 70 85-0 88:8 | 0-96 16 ay3) 23 
650 | 66 | 786 81-6 0-96 13 39 22 
700 | 68 | 78-2 78-9 0-99 15 55 27 


* Yield point = load giving permanent extension of 0-2% 
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Fic. 2.—Steels Containing Nickel, Chromium, and Vanadium. Mechanical 
properties of oil-hardened and tempered specimens. 
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Fia. 3.—Nickel-Chromium-Molybdenum-Vanadium Steels. Mechanical 
properties of oil-hardened and tempered specimens. 
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portionality was always a little lower in the specimens which had 
been hardened from the highest temperature (Table II.). The 
microstructure in all cases showed uniform fine-grain sorbite. 

The results of tests on the oil-hardened and tempered steels 
which had been hardened from 900° C. are shown in Table III., 
and Figs. 2 and 3. The results show the powerful effect of vanadium 


TaBLE IV.—Mechanical Properties of Steels Air-Cooled from 900° C. 
in the Form of Pieces 5 x 14 x 3 in., and of Air-Cooled and 
Tempered Specimens. 








ern See LES ee Lee oe -- 
| | Tem- | | 
| ering Limit of Pas Maximum > : zod 
Iwo,| ¥- | ‘treat a | pointe | Toul.| vie | Blons~ Reduction) qmpact 
| | % | Ment. |, Tons per! Tons per} Ratio. as o | Figure. 
| (LHr.) | | Tons per | “<q. in, | sq. in. “oe “e+ Ft. Ib. 
| og, ein, | | | 
| (a) Nickel-Chromium Steels. 
1, Nil ; Nil ; 21 28-2 45:0 | 0:63 27 61 67 
| | 600 25 28-2 42-9 0-66 28 64 72 
| 2|0-13] Nil 17 38-2 56-0 0-68 19 48 28 
600 38 43-6 53-6 0-81 23 58 48 
3/0-21| Nil | 19 | 41-2 | 598 | 069 | 18 45 23 
600 38 40-2 51-4 0-78 23 59 51 
4|0°36)| Nil 34 40-6 52-0 0:78 25 58 44 
600 40 41:8 51-6 0-81 24 57 53 
5 | 0-46) Nil 21 37-0 51:3 0:72 21 52 44 
| 600 | 39 40:4 | 48:6 0-83 | 24 59 60 
(b) Nickel- seceguamaet meen um Steels. 
6, Nil 250 l 23 48-0 72:1 0-67 | 16 46 18 
} 600 | 34 53-6 64-2 0°83 20 55 35 
7 |0-13| 250 24 52-6 74:3 0-71 | 16 50 23 
| 600 | 44 62-4 71-4 0-87 | 20 58 26 
8 | 0-20) 250; 21 52-0 75-5 | 0-69 16 50 23 
| 600 39 «| 61-2 71-6 0-85 19 55 21 
9 | 0-28 | 250 27 60-5 83:5 0-72 147 48 26 
600 56 72-8 79°3 0-92 19 56 24 
10 | 0-45 | 250 22 54-0 77-7 0-70 17 42 21 
600 38 62-4 76:4 0:82 18 51 26 


* Load giving permanent extension of 0-2%. 


+ Broke outside middle half. 


in maintaining approximately constant mechanical properties for 
a tempering range extending from about 500° to 650°C. A range 
of high tensile strength is obtained without undue fall in elongation, 
reduction of area and notched bar impact figure when the vanadium 
content is between about 0-15 and 0:3% 

Further tests were made on the steels in the air-cooled condition 
(or as air-cooled and tempered at 250° C.), and the effect of sub- 
sequent tempering at 600°C. was determined (Table IV.). The 
hardness of the air-cooled specimens increased with vanadium 
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content up to 0:21% in the nickel-chromium steels and 0-29% in 
the nickel-chromium-molybdenum series. It then fell, though the 
position of these maxima is probably dependent on the initial 
temperature and rate of cooling through the critical range. 











% % % 
c O-3l c O-3/ c 0-350 
Mn 0-8 Mn 0°22 Mn 0:23 
Nr 2-60 Ni 2-65 Mo 2°65 
Cr OT Cr O75 Cr 0-75 
o-@ Mo 0°45 Mo 0-50 
Y Mi A LL Vi 0-33 
100 2 
viele Rote 
cement me¢ a 
99 i MoxiCe Co 
‘o 
807 = 
9 
& 704 init 4 
° um jON@, 
sw 
bw 60 5 i 
& apt Sf Arse, 
" Reo 
S504 . 
S 
te 40 
G 
Q 
Y IO 7 a 
S ge naget 
K20 4 y q 
Elongation 
s -6-~-e--. 
eo 
10 + ig 




















T T I T T T 
450 550 700 450 550 700 450 550 700 
TEMPERING TEMPERATURE. °C. 
Fia. 4.—Mechanical Properties of Oil-Hardened (900° C.) and Tempered 
Specimens. 


In confirmatory tests on steels Nos. 11-13 and on other speci- 
mens the same characteristics of the vanadium-bearing steel, 
compared with those of the steels free from vanadium, were ob- 
served. Molybdenum in the quantities present (up to about 0-7%) 
conferred no temper-hardening characteristics on the steel. The 
effect of tempering on the mechanical properties of steels Nos, 
11 to 13 is shown in Fig. 4. 
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CONCLUSIONS. 


Vanadium, added to nickel-chromium or nickel-chromium- 
molybdenum steels in quantities exceeding 0-1%, has a marked 
influence in maintaining almost constant the mechanical properties 
obtained by tempering the hardened steel within the range 500- 
650° C. 

The reason for this, viz., the retention of vanadium carbide in 
solution in the alpha-iron formed at the gamma to alpha transforma- 
tion and its subsequent precipitation on reheating, was discussed 
in the previous paper. 

Vanadium carbide is dissolved in gamma-iron less readily than 
iron carbide, and steel in which some of the carbon is combined 
with vanadium does not attain its full hardness when quenched 
from the usual temperature. If, however, the hardening tempera- 
ture is raised and more of the vanadium carbide dissolved, higher 
hardness is obtained on quenching. 

Any deduction as to the maximum useful vanadium content 
in these steels is complicated by the fact that attainment of the 
full hardening effect of the vanadium is dependent on the use of a 
high initial temperature of cooling in air or oii. On the other hand, 
a hardening temperature above 900° C. is usually accompanied by 
serious practical disadvantages, and in the steels under consideration 
it also entailed a lowering of the limit of proportionality and of the 
notched bar impact figure, though the deleterious effect on mechanical 
properties was not so pronounced as in carbon-vanadium steels. 
All the steels consisted of uniform sorbite, and the austenitic grain 
size was not greatly affected by an increase in hardening tempera- 
ture to 950° C. 

The results obtained indicate that if the hardening temperature 
is limited to 900° C., the most suitable vanadium content in nickel- 
chromium and nickel-chromium-molybdenum steels of the types 
investigated is 0-15 to 0-25%. 

In conclusion the author wishes to express his thanks to Dr. 
R. H. Greaves for his continual interest in the progress of the work. 
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THE DETERMINATION OF NON-METALLIC 
INCLUSIONS IN STEEL AND IRON.* 


By E. W. COLBECK, M.A., S. W. CRAVEN, anp W. MURRAY 
(NorRTHWICH). 


SYNOPSIS. 


The authors first stress the importance of the need for obtaining 
information with regard to the constitution of the non-metallic 
matter included in iron and steel. They then review various 
methods proposed for the isolation and analysis of such inclusions. 

A detailed description of the use of chlorine for this purpose 
follows, and its effects at different temperatures on SiO,, Al,O,, 
Fe,0,, and Mn,O, are outlined. These oxides have been tested both 
singly and as mixtures in the presence of carbon. 

Comparative results obtained on a number of carbon steels by 
several solution methods are given, particular attention being 
directed to the use of chlorine and iodine. Tests have been carried 
out both with drillings and solid sections. 

Typical residues from chlorine and iodine attack have been 
examined by X-ray analysis, and it is shown that MnS is not 


completely soluble in iodine. 
The authors next detail the results of work on alloy steels, using 


the chlorine method. 

The determination of non-metallic inclusions in cast iron is then 
dealt with, and it is shown both by chemical and X-ray analysis 
that Fe,P is quantitatively retained in residues after iodine 
extraction. 


GENERAL INTRODUCTION. 


DuRING recent years considerable attention has been devoted to the 
effects of non-metallic inclusions in iron and steel. Such inclusions 
to a greater or lesser extent are always present in ferrous metals 
manufactured by melting processes. They are formed by reaction 
products, by entrainment of the slag made during melting and re- 
fining of the metal, by attack on refractories, and by dust and 
foreign matter trapped during tapping and casting. There is little 
doubt that these inclusions play an important part in determining 
the physical properties of the finished metal. The view is generally 
held that for high-quality steel it is essential that the non-metallic 
matter present should be as low as possible. 

When steel is made for subsequent forging and rolling operations, 
the character of the non-metallic inclusions is of great importance. 
Inclusions such as Al,O, are hard and will not deform during hot- 
working. It will be appreciated that inclusions of this type may 
produce serious surface defects. Other inclusions such as silicates 
and sulphides are softer and will deform, but if these are present in 
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excessive quantities they will seriously impair the transverse 
properties of the steel, and may easily provide spots at which 
corrosion may be initiated. 

Where steels are required for subsequent case-hardening the 
presence of non-metallic matter may result in irregular carburisation. 
Recent work by McQuaid and Ehn“ in America has, however, 
suggested that the presence of a fine dispersion of alumina particles 
is of assistance in controlling the grain size of steel. 

In the manufacture of alloy steels reasonable freedom from non- 
metallic inclusions is a primary necessity; according to Mony- 
penny ‘ the presence of slag in stainless steels impairs not only 
their physical properties but also their resistance to corrosion. 

Similar considerations apply to cast iron, which in the normal 
way contains considerably more inclusions than steel. Here, 
non-metallic matter may be responsible for a wide variety of different 
defects and will seriously alter the corrosion-resisting properties of 
the metal. 

Recent research by von Keil ® and by the British Cast Iron 
Research Association suggests that the graphite size is linked up 
with the composition and amount of non-metallic matter present in 
‘ast iron. It is suggested that the presence or absence of “ silicate 
slime ”’ and its state of dispersion in the molten iron determines the 
final size and distribution of the graphite in the solid metal. Von 
Keil claims that removal of this ferrous silicate leaves the graphite 
in a finer state of division and results in a considerable improvement 
in the mechanical properties of the iron. The British Cast Iron 
Research Association suggest that a similar effect may be secured by 
coating the silicate with a lower melting point slag and so rendering 
it innocuous. 

Until recently knowledge of the quantity and constitution of the 
non-metallic particles present in ferrous metals was confined to 
the information obtained from examination of their microstructure. 
It is now fully realised that reliable methods must be developed for 
separating such non-metallic matter from the metal and then 
determining the constitution of the residue. A complete solution 
of the problem would not only give a measure of the cleanliness of the 
metal, but would also probably provide valuable information with 
regard to methods for improving the quality of steel and iron. It 
is not impossible that such knowledge mav help in elucidating many 
of the unsolved problems in connection with various obscure defects, 
and may lead to a better understanding of the factors influencing 
grain size in iron and steel. 

7 


LITERATURE REVIEW. 


A brief critical survey of existing knowledge on the determination 
of non-metallic inclusions in steel follows. Since an excellent 
bibliography is to be found in the Sixth Report on the Heterogeneity 
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of Steel Ingots“ a detailed discussion of the available methods 
would be unnecessary and unwarranted. Mention will therefore be 
made of particular points which appear worthy of the most careful 
consideration. 

No inference drawn from any data already secured would be 
justified unless the fullest consideration had been given to the com- 
plex nature of the non-metallic inclusions themselves. These 
inclusions must not be regarded as simple oxides or even com- 
binations of oxides. While there are some grounds for the belief 
that Al,O, may exist as a separate oxide in particular steels, 
extremely complex linkages of this and other oxidic substances are 
equally possible, and at present must be considered as unidentified. 
Further, the types of inclusions met with vary from steel to steel, 
largely depending on the raw materials used and the subsequent 
melting processes. It is, therefore, impossible to forecast what 
action, if any, a given reagent will have on the non-metallic particles 
of a given steel. A method giving a larger slag residue than another 
must not necessarily be regarded as less free from error, since, for 
example, metallic carbides may have remained partially or 
completely unattacked, &c. 

Sulphides and phosphides occurring in the sample may also 
interfere with the determination of oxide inclusions. 

Methods for the determination of the amount of inclusions in 
steel may be divided into two classes: First, those in which the 
total oxygen content is determined, and, secondly, residue methods 
which aim at the separation of all oxidic inclusions. 


A. Methods for Determining Total Oxygen. 


(1) Hydrogen Reduction Methods. 

Methods depending on (a) the direct reduction of steel with 
hydrogen, (b) simple alloy hydrogen reduction, and (c) modified 
alloy hydrogen reduction, are of little value, since neither SiO, nor 
Al,O, is reduced, and only partial reduction of iron and manganese 
silicates is effected at the suggested temperature of about 1000° C. 


(2) Vacuum Fusion or Hot-Extraction Method. 

This method aims at the reduction by carbon at a high tempera- 
ture of all the oxygen-containing compounds in steel to oxides of 
carbon. Essentially, the process consists in melting the metal under 
a high vacuum in a graphite crucible, the resulting gases being 
pumped off and analysed. 

The chief drawback of the vacuum fusion method is that it yields 
only the total oxygen, and gives. no information as to the state of 
combination of the oxidic substances in the sample. A means of 
overcoming this has been suggested by Reeve, who maintains 
that by tapping off gas fractions at different temperatures it is 
possible to determine the content of the constituent oxides, The 
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assumption is made that if a simple oxide, e.g., FeO, gives up its 
oxygen between two definite temperatures when treated alone, it 
will behave in an exactly similar fashion when present in a steel as, 
say, a complex ferrous silicate. Further, it is assumed that during 
the essential melting process while the test is being carried out each 
oxide retains its own individuality, and that no interaction between 
the oxides themselves or between oxides and metal occurs. 

While there seems to be no doubt concerning the complete 
reduction of the oxides of iron and manganese and of silica and the 
well-known silicates, some uncertainty exists concerning the 
behaviour of alumina. 

One of the most important sources of error in the vacuum 
fusion method is the volatilisation of certain elements, chiefly 
manganese and aluminium, and the condensation of the vapours 
as a metal film on the colder parts of the furnace. This leads to 
low results for the total oxygen, as these metal films tend to re- 
absorb the evolved gases. Diergarten,“® for example, states that 
an oxygen determination will be inaccurate if the sample tested 
contains more than 0-7°% of manganese or 0-3°% of aluminium. The 
removal of the evolved gases at high speeds and the use of a new 
graphite crucible for each determination on high-manganese or 
-aluminium steels are said to reduce the metal film error. 

The apparatus for the vacuum fusion method is both costly and 
complicated, whilst considerable care and attention to the most 
minute detail are necessary for successful manipulation. Further, 
the time factor is of great importance. 


B. Residue Methods. 


(1) Acid Solution Methods. 

Solutions (10°) of nitric, hydrochloric, and sulphuric acids 
have been used to dissolve steel by various workers. Non-metallic 
inclusions such as FeO and MnO are partially or wholly soluble in 
such acid solutions, and the attack on silicate inclusions appears to 
depend on the ratio of SiO, to FeO and MnO. Iron silicates con- 
taining less than 50% of SiO, are completely soluble. The presence 
of acid-soluble aluminates will also result in lower figures for alumina. 
Consequently, such methods cannot be regarded as of first 
importance. 


(2) Electrolytic Methods. 

Electrolytic solution methods in which the stéel specimen is 
made the anode of an electrolytic cell and taken into solution by 
the passage of current have been introduced by several investigators, 
notably Fitterer,‘” Treje and Benedicks,‘® and Scott. 

The determination of non-metallic inclusions may be vitiated in 
two ways: (1) Iron salts are hydrolysed to some extent during 
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electrolysis and the non-metallics will be contaminated with basic 
iron salts; (2) a concentration of hydrogen ions may be developed 
at the anode owing to the formation of oxygen, and the resultant 
acidity may give rise to attack of certain of the oxides present in the 
non-metallic residue. It is obvious that when aqueous solutions are 
employed as electrolytes the formation of gas at either the anode or 
cathode is of the greatest importance, since even an electrolyte 
which is initially chemically neutral will rapidly develop acidity or 
alkalinity when a current is passed. The method suffers from two 
further disadvantages. During electrolysis colloidal silica separates 
and is retained with the non-metallics. Washing with sodium 
carbonate solution has, therefore, to be resorted to. Further, 
electrolysis separates all the carbides quantitatively with the in- 
clusions, and magnetic separation has to be employed. The position 
is complicated if other magnetic inclusions such as sulphides are also 
present. 

Electrolytic methods may be used for low-carbon materials, but 
are less suitable for high-carbon steels or steels containing carbide- 
forming metals such as chromium, &c. Therefore, such methods 
must also be regarded as unsuitable for the determination of non- 
metallic inclusions in cast iron. 


(3) Halogen Methods. 


All three halogens, bromine, chlorine, and iodine, have been 
employed to separate the non-metallic inclusions in steels, but the 
use of bromine found but little favour and the method appears to be 
of historic interest only. 

(a) Iodine Method.—Rooney has evolved an excellent tech- 
nique for determining non-metallic inclusions, using an alcoholic 
iodine solution ; this represents the greatest advance since Willems’ 
original work” on this method. The greatest care must be taken 
to ensure the absence of traces of oxygen and moisture from the 
apparatus used. 

The behaviour of sulphides and phosphides appears to be rather 
doubtful. Andrew, Raine, and Vickers “® state that sulphides may 
be attacked by the iodine to a certain extent, but they are definitely 
not completely dissolved, and the authors quote one instance where 
a large residue was obtained from a free-cutting steel. Lundell, 
Hoffman, and Bright “*® quote work done in America showing that 
both iron and manganese sulphides are decomposed by iodine 
solutions, manganese sulphide dissolving less rapidly than ferrous 
sulphide. The same authority claims that with some plain carbon 
steels most of the sulphur is retained in the insoluble residue as free 
sulphur, while insoluble complex sulphides can often be detected 
in the residue from free-cutting (high-sulphur) steels. 

Regarding the reactions of phosphides, Lundell, Hoffman, and 
Bright“ claim that iron phosphide is decomposed by iodine 
solutions, part of the phosphorus being oxidised, reacting with the 
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iron and being precipitated, probably as iron phosphate. This 
would cause high results for iron oxide in the residue. 

The iodine method should give good results for silica and 
alumina, but its application is limited because of the insolubility 
of some carbide-forming elements, and their compounds. Iron 
and manganese carbides are decomposed by iodine solutions, but 
others, such as chromium, vanadium, and tungsten, are practically 
insoluble. Molybdenum carbide is soluble, together with elements 
that do not form carbides, such as copper and nickel. 

(b) Chlorine Method.—The use of chlorine as a means of isolating 
non-metallic inclusions is one of long standing. Of later years 
considerable research has been undertaken, attention being focused 
on several major problems, as follows : 


(i) The efiect of impurities in the chlorine stream. 

(ii) The behaviour of the various oxide inclusions at varying 
temperatures. 

(iii) The effect of non-oxide compounds such as carbides, sulphides, 
phosphides, &c., on the stability of the oxides in chlorine. 

(iv) The applicability of the chlorine method to alloy steels. 


Investigators are unanimous that dry oxygen-free chlorine is 
essential, and three methods for obtaining the pure gas have been 
suggested : 

(a) By the action of hydrochloric acid on precipitated manganese 
dioxide. 

(6) By passing chlorine over heated charcoal. 

(c) By a liquefaction process at —70° C, 

Silica and alumina are said to be stable in chlorine up to 550° C., 
but the behaviour of ferrous oxide, ferric oxide, manganous 
oxide and manganic oxide is not nearly so straightforward. The 
determination of manganous oxide in particular is of very doubtful 
accuracy, but ferrous oxide is said to react with chlorine at 350° C., 
the oxygen being quantitatively retained as ferric oxide : 


3FeO + 3Cl = Fe,O, + FeCl). 


The behaviour of phosphides and sulphides is obscure. It is 
probable that such compounds are broken down by chlorine, but 
interaction between them and other inclusions may take place. 
For example,® ferric oxide, although it did not lose oxygen even in 
the presence of carbon, when heated to 350° C., was said to be sus- 
ceptible to attack in the presence of iron sulphide and phosphide. 
One gramme of ferric oxide mixed with 0-25 g. of iron sulphide 
yielded a loss of 11° at 350°C. One gramme of ferric oxide mixed 
with 0-25 g. of iron phosphide gave a reaction at 300° C., but the 
oxygen liberated was quantitatively retained in the residue as P,O;. 
It should, of course, be remembered that such large amounts of 
sulphide and phosphide as these are not likely to be encountered in 
normal steels. 
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Wasmuht “” has investigated the possibility of using the 
chlorine method for determining oxides in alloy steels. His data 
suggest that WO,, MoO,, NiO, and CoO cannot be determined 
when their respective carbides are present, but that Cr,O0, can be 
determined along with SiO, and Al,O, at a chlorination temperature 
of 500° C. 

It seems reasonable to assume from published work that SiO, 
and Al,O, can be determined accurately by the chlorine method, 
and that, except in very academic work, the ferrous oxide can be 
assumed to be oxidised to ferric oxide, the oxygen equivalent of the 
latter being the oxygen originally present as ferrous oxide. The 
results for MnO are uncertain. Chromic oxide may be determined 
in chromium steels containing less than 15% of chromium by using 
a chlorination temperature of 500° C. 


SAMPLING. 


The method adopted for sampling a steel bar for the deter- 
mination of non-metallic inclusions will have some bearing on 
the results obtained. First, it seems to be well established that 
oxygen tends to segregate in steel. Diergarten,“ for example, has 
shown that oxygen segregates to a greater degree than carbon or 
phosphorus and slightly less than sulphur. Therefore, whether the 
sample be in the form of drillings, millings, &c., or a solid section, 
the position in the bar from which it was taken must be carefully 
noted. 

Where bars of fairly small cross-section are being dealt with the 
use of solid test-pieces cut right across the face seems to have 
certain advantages over drillings. The loss of finer particles as dust 
is in some measure obviated, besides ensuring that the full section 
of the bar is examined. With larger bars (say over 1 in. in dia.) 
even a thin section has a considerable weight, generally too large to 
be dealt with as a whole by any given method, except perhaps acid 
solution. In such cases drillings, millings or turnings may be rather 
better, provided that they are taken carefully with precautions 
against overheating the steel, with consequent surface oxidation 
and the loss of fine particles as dust. 

It has been found that solid sections can be dealt with readily 
in the chlorine method, thus enabling a larger weight of sample to 
be taken. The results for solid sections and drillings from the same 
bar will be found in Tables III. and IV. These results show no 
marked differences. 


ANALYSIS OF STEELS EXAMINED. 


The various steels used in this investigation have been analysed, 
and the results will be found in Table I. 
1936—ii s 
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TaBLE I.—Analyses of Steels Examined. 























| Sample | © | si. a oe Mn, | Ni | Or. Mo. 
| NO. | % % . % %- %- } % Yo 
| NX 0:20 | 0-026 | 0-050 | 0-036 | 0-50 
X 282 | 0-15 | 0-20 | 0-030 | 0-012 | 0-49 
X 292 | 0-13 | 0-14 | 0-032 | 0-011 | 0-38 
X 293 | 0-145 | 0-22 | 0-030 | 0-012 | 0-43 
F294 | 0-18 | 0-21 | 0-032 | 0-031 | 0-34 
X 295 | 0-165 | 0-19 | 0-036 | 0-011 | 0-37 
| X 296 | 0-08 | 0-14 | 0-062 | 0-083 | 0-33 ne 
| X 297 | 0-08 | 0-075 | 0-057 | 0-058 | 0°35 |... su mon 
| X 267 | 0-15 | 0-20 | 0-025 | 0-012 | 0-54 | ... | 5:86 | 0-24 
X 268 | 0-17 | 0-21 | 0-026 | 0-010 | 0-62 .. | 640 | 0-22 
X 269 | 0-16 | 0-23 | 0-025 | 0-011 | 0-58 | 618 | 0-21 
X 271 | 0-15 | 0-15 | 0-025 | 0-007 | 0-70 mo “| eee | 0-20 | 
r 272 | 0-16 | 0-17 | 0-026 | 0-009 | 0-69 ae 6-36 | 0-22 | 
X 209 | 0-18 | 0:48 | 0-036 | 0-014 | 0-91 13-60 |. 
X 210 | 0-19 | 0-34 | 0-035 | 0-012 | 0-88 wee | 13°45 | 
| X 256 | 0-145 | 0-70 | 0-026 | 0-007 | 0-52 | 8-02 | 18-06 | 


| 


ANALYSIS OF NON-METALLIC RESIDUES. 


The complete examination of non-metallic residues presents 
many difficulties, and, so far as is known, no procedure has 
been evolved which is entirely satisfactory. One of the major 
difficulties lies in the fact that generally only 5 to 25 mg. of residue 
are obtained from 10 g. of sample, and on this small amount at least 
four determinations have to be made. Careful weighing is necessary, 
therefore, and the use of a micro-balance is practically essential. 
The use of colorimetric methods is immediately suggested for the 
determination of metallic radicles, but many of them have been 
found unsatisfactory, particularly in the case of aluminium. 

Each non-metallic residue referred to in this paper has been 
examined in the following way. The residue was ignited in a weighed 
platinum crucible, its total weight obtained, and the silica removed 
by volatilisation as Sif, in the presence of sulphuric acid. The 
resultant sulphates were converted to oxides by heating strongly ; 
the crucible was re-weighed and the loss in weight represented SiQ,. 

The remaining oxides were fused with potassium bisulphate, 
and the melt was dissolved out with dilute hydrochloric acid. After 
the addition of 3 or 4 g. of A.R. ammonium chloride to the solution, 
the hydroxides of the Group III. metals were precipitated with 
ammonia following the procedure of Lampitt and Sylvester.® 
The mixed hydroxides were filtered off, washed, and ignited in a tared 
platinum crucible and the weight of Group III. oxides was obtained. 
The mixed oxides were fused with potassium bisulphate, the melt 
was dissolved, and the solution made up to a known volume. On 
aliquot portions iron was determined colorimetrically, using potassium 
thiocyanate, and titanium, using hydrogen peroxide (the colour due 
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to iron was suppressed by phosphoric acid). The determined 
amounts of Fe,O, and TiO, were deducted from the total weight of the 
mixed oxides, and the balance was returned as Al,O,. The presence 
of the latter oxide was verified, using the aurin tricarboxylic acid 
method of Lampitt and Sylvester.1° Manganese was precipitated 
from the filtrate after the removal of Group III. hydroxides by means 
of bromine and ammonia. The precipitate was filtered off, washed, 
and dissolved in sulphurous acid, and the manganese oxidised to 
permanganate by means of sodium bismuthate. Manganese was 
then determined colorimetrically. 

When chromium was present its hydroxide was precipitated 
along with iron, aluminium, &c., and the element determined 
colorimetrically, using diphenyl- carbazide.16 

The filtrate from the manganese separation was examined for 
the presence of calcium and magnesium. 


APPARATUS USED FOR THE DETERMINATION OF OXIDE INCLUSIONS 
IN STEEL BY THE IODINE METHOD. 


A description of the apparatus used for the determination of 
oxide inclusions in steel by the iodine method is given in a paper by 
Rooney and Stapleton, and the authors have followed the pro- 
cedure laid down in that paper. 


DESCRIPTION OF THE APPARATUS USED FOR THE DETERMINATION OF 
OxIDE INCLUSIONS IN STEEL BY THE CHLORINE METHOD. 


A sketch of the apparatus used is given in Fig. 1. The steel 
sample, contained in a clear silica boat JL, is chlorinated in the 
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-clilasadialian for the determination of oxide inclusions in steel by the 
chlorine method, 


clear silica reaction tube J. This tube is fitted with a ground glass 
stopper VN. The stopper J is fitted with an inlet for gas and a thin 
clear silica tube O, carrying a chromel-alumel thermocouple 7’,. 
The length of the tube O is such that when the boat Z is in the 
middle of the furnace K the tip of the thermocouple 7’, is directly 
over the centre of the boat Z. Sublimed chlorides are collected in 
a large bottle M fitted with an exit tube for excess chlorine gas. 

The bend P in the reaction tube J should fit as close up to the 
furnace K as is practicable. 
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The chlorine used was prepared electrolytically and purified 
by a liquefaction process. Further purification was carried out 
before the gas entered the reaction tube J. From the cylinder 
the gas passes through a sulphuric acid bottle A and thence over 
charcoal heated to approximately 900° C. in the tube C. The 
temperature of the furnace B is measured by the thermocouple 7’. 
In this way any oxygen in the chlorine is converted to a mixture 
of carbon monoxide and carbon dioxide, the proportions of the two 
gases depending on the partial pressure of the oxygen and the 
temperature of the charcoal. The oxygen-free chlorine is then dried 
by passing it through concentrated sulphuric acid in the wash bottle 
F and through calcium chloride H and phosphorus pentoxide I 
contained in the drying tower G. 

E is a by-pass to a safety valve arrangement. Dry oxygen-free 
nitrogen can be introduced into the system at D. 

Chlorination Procedure.—The chlorination is carried out in the 
following manner : Ten grammes of carefully prepared steel drillings, 
or solid sections of the steel with freshly cleaned surfaces, are weighed 
into the clear silica boat L, which is then pushed into the centre of 
the cold, dry, reaction tube J, and the ground-glass stopper NV is 
inserted. A steady current of nitrogen purified by passing it through 
alkaline pyrogallol, concentrated sulphuric acid, calcium chloride 
and phosphorus pentoxide is brought in at D. In this way, the air 
in the system is replaced by dry oxygen-free nitrogen, the operation 
taking 15 min. 

The temperature of furnace B is now raised to approximately 
900° C., and a steady stream of chlorine is passed over the charcoal in 
the tube C for about 30 min. The nitrogen supply is then turned off 
at D and dry chlorine is passed through the apparatus and the cold 
reaction tube J for about 15 min. 

The furnace K is switched on next, and its temperature is raised 
slowly to the required point. As the temperature rises the chlorine 
reacts with the steel in the boat Z, the volatile chlorides being 
carried forward by the gas stream to sublime in the collecting 
bottle M. 

The chlorination may take from 2 to 4 hr., depending on the nature 
of the sample, its weight, the reaction temperature, &c. When it is 
completed the reaction tube J is allowed to cool to room temperature, 
the passage of chlorine being continued. Nitrogen is then passed in 
to replace the chlorine, after which the boat and its contents are 
carefully removed, the residue being preserved for analysis. 

One point worthy of attention arises during the working of the 
above method. It concerns the strongly exothermic nature of the 
reaction between chlorine and heated steel. With a plain carbon 
steel the first sign of the evolution of chlorides (brown fumes) is 
generally observed at 180-200° C. At this point the furnace K 
must be immediately switched off, although even this precaution 
fails to control the exothermic reaction, and the temperature of the 
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steel itself may rise to 350° C. very quickly. After a few minutes a 
fall in temperature will be noted, after which the furnace K may be 
switched on again and the experiment continued at the required 
temperature. In the experiments at 300° C., which will be reported 
later, local temperatures as high as 350° C. were observed during the 
initial reaction. After this the reaction temperature was maintained 
at 300° C, 


THE EFFECT OF CHLORINE AT DIFFERENT TEMPERATURES ON S1Q,, 
AL,O3, FE,O3, and Mn,Q,. 


A short investigation was made into the effect of chlorine at 
different temperatures on SiO,, Al,O,, Fe,O,, and Mn,O,. These 
oxides have been tested, both singly and as mixtures, in the presence 
of amorphous carbon. It appears to be unlikely that either Fe,O, 
or Mn,Q,, singly or in combination, ever form part of the usual 
oxidic inclusions in iron and steel, FeO and MnO being more 
probable states of oxidation. It is, however, probable that any 
FeO or MnO set free during a chlorination experiment will be 
oxidised to Fe,O0, and, with less certainty, to Mn,Q,, respectively. 
No practical method was discovered for the preparation of pure 
FeO or MnO, and for this reason the tests have had to be confined 
to Fe,O, and Mn,O,. If SiO,, Al,O;, Fe,O3;, and Mn,O, remain 
unattacked by chlorine it must not be assumed that this reagent 
will yield full recoveries of other oxidic combinations of silicon, 
aluminium, iron, and manganese. 

Samples of pure SiO,, Al,O,, Fe,O,, and Mn,O, were secured 
and the purity of each was checked. Some doubt must necessarily 
remain as to the exact composition of the Mn,OQ,. Each of these 
oxides was subjected to the action of chlorine at different tempera- 
tures in the presence of amorphous carbon, following the procedure 
already outlined. Mixtures of these oxides with carbon were also 
tested in the same way. At the end of the experiments the residues 
were examined by the analytical procedure already described. The 
results will be found in Table IT, 


TABLE II.—The Effect of Chlorine at Different Temperatures on SiOg, 
Al,03, Fe,03, and MnO, in the Presence of Carbon. 


e bee | 





Re- Re- | Mixture of Oxides before Chlorination. Mixture of Oxides after Chlorination. 
| action action " i 
Temp. | Time. |,, ae . . ’ | 
oa — *|Carbon.| SiO,. | Al,O3. | Fe,O 5. | Mn,O,. Carbon,! SiO,. | Al,O3. | Fe,O 3. | MngO,. 
| | ° a, G. a. aS 1 ‘«, G Go. t G. G. 
550 34 0-1010 | 0-1019 te x 0-1007 Soa 
550 34 0-1039 ae 0-0994 a Z| 0-094 as 
300 | 3% | 0-050 : wee | wes | 0°0526 S wae he 0-0502 
300 3h | 0-050 sas . 10-0568 |... oe en aan se 
300 | 3 | 0-0484 | 0-0462 | 0-0570 | 0-0442 | 0-0528 “AS 0-0462 | 0-0570 | 0-0424 0-0492 
500 3} | 0-0462 | 00-0512 00-0532 | 0-0524 | 0-0472 2 0-0504 | 0-0524 | 00-0226 0-0092 
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The conclusions to be drawn from Table II. are : 


(a) That SiO, and Al,O, are unattacked by chlorine at tem- 
peratures up to 550° C., either alone or in the presence of Fe,O, 
and Mn,Q,. 

(6) Chlorine at 300° C. attacks both Fe,O, and Mn,Q, to a 
slight extent. This attack increases appreciably with rise of 
temperature to 500° C. This is particularly noticeable in the 
case of Mn,Q,. 


COMPARISON OF SEVERAL METHODS FOR THE DETERMINATION OF 
Non-METALLIC INCLUSIONS IN PLAIN CARBON STEELS. 


A 3-in. dia. bar of commercial basic open-hearth steel, marked 
NX, was selected. Its analysis will be found in Table I. 

A large amount of fine turnings was taken from this bar right 
across the face of the section, and carefully mixed. A disc ,'5 in. 
thick was also cut off the bar, and cut in half. One half-section 
was divided into strips about ,'%; in. wide and these pieces were 
treated by the chlorine method. Samples of the drillings were 
examined by the iodine, chlorine, nitric acid, hydrochloric acid, 
sulphuric acid, and copper-ammonium chloride methods. The 
results were collected together and compared. These will be found 
in Table ITI. 

Brief outlines of the acid solution and copper-ammonium chloride 
methods are given below : 

(1) Nitric Acid.—The procedure of Dickenson “” was followed, 
the sample being dissolved in cold 10% nitric acid. The rate of 
solution was very slow, several weeks being necessary to dissolve 
50 g. of steel. The method was, therefore, considered impracticable 
and abandoned. 

(2) Sulphuric Acid.—The sample was dissolved in 10% sulphuric 
acid at water-bath temperature, and the insoluble residue was filtered 
off, washed with hot 3% sodium carbonate solution, and afterwards 
with hot water. The residue was analysed by the procedure already 
described. 

(3) Hydrochloric Acid.—The procedure of Thompson and 
Acken “!® was followed, and the statement made by these workers 
that this method is speedier and simpler than (1) or (2) was verified. 
A 10% acid solution was used at bath-water temperature to dissolve 
the steel, and the residue was washed with hot 3% sddium carbonate 
solution. Thereafter the usual procedure for the analysis of non- 
metallic residues was followed. 

(4) Solution in 33% Copper-Ammonium Chloride.—The use of 
copper-ammonium chloride as a solvent for steels has been suggested 
by some workers, e.g., Willems.” Because of the simplicity and 
speed of the,method it was given a trial. Each 5 g. of steel was 


63 P 


2 


AND IRON. 


DEI 


STE 


INCLUSIONS IN 


NON-METALLIC 





osanagy fig Jang uogsvg wang pojoa) 








4000-0 





¢¢00-0 9*20-0 


, 
8 









*S¥IBUIOIT] 





‘oun | ‘O°T 


"XN a7dwung ya019 


TIPBVPIXO JO 91¥18 IMJ 93 wt su 















QUs1OM 


‘spoyjayy quasaffig7 
as D UL suoIsnjouUT omaT_-UoAT fo Uoynumsajag a%[—T]I] wavy, 











“NOS plow o1 


\ wor} 
{ plow o1z0pyoC 








|  *Pa8Q poyzoyy 











264 P COLBECK, CRAVEN, AND MURRAY : THE DETERMINATION OF 


shaken in a tightly-stoppered flask with 250 ml. of a 33% aqueous 
copper-ammonium chloride solution containing 5% of hydrochloric 
acid. Each 5 g. of sample went into solution in 10 min. The 
insoluble residue was filtered off, washed, first with water contain- 
ing 1% of the 33% copper-ammonium-chloride/hydrochloric-acid 
solvent until free from iron, and finally with water. The residue 
was analysed by the standard procedure. 


From the results in Table ITT. it is at once obvious that the iodine 
method and the chlorine method at 300° C. give total oxygen figures 
which are considerably higher than those given by the chlorine 
method at 500° C. or by acid solution methods. 

It appears probable that the steel sample used has high MnO/SiO,, 
and FeO/SiO, ratios. Silicates with low percentages of SiO, are 
known to be readily soluble in dilute acids—hence the reason for the 
low SiO,, FeO, and MnO figures by acid solution methods on this 
particular steel. It is conceivable that Al,O, is low for similar 
reasons. Sulphuric acid gives a better recovery of SiO, than 
hydrochloric acid in this instance. 

The steel chosen evidently has a small percentage of copper, in 
common with many industrial steels, and this is not completely 
soluble in 10% hydrochloric or sulphuric acids, each non-metallic 
residue being contaminated with the element. 

Comparing results by the iodine method and the chlorine method 
at 300° C., it will be noticed that the figures for Al. 203 agree, while 
chlorine gives a higher SiO, figure and low er recoveries of FeO and 
MnO. Later in this paper the same tendencies are shown to be 
exhibited by other plain carbon steels, and are discussed there in 
more detail. The lower recoveries of SiO, and Al,O, at 500° C. 
by the chlorine method (although both oxides, as such, have been 
shown to be unattacked at 550° ©.) are also referred to under 


Table IV. 


THE DETERMINATION OF NoN-METALLIC INCLUSIONS IN PLAIN 
CARBON STEELS BY THE IODINE AND CHLORINE METHODS. 


The non-metallic inclusions in a number of plain carbon steels 
whose analyses will be found in Table I. have been determined by the 
iodine method and by the chlorine method, using reaction tempera- 
tures of 300° C., 400° C., and 500° C. The results will be found in 
Table IV. 

From this Table a number of conclusions may* be drawn, as 
follows : 

(1) The results for total oxygen obtained by the iodine method 
and the chlorine method at 300° C. are in reasonable agreement. 
As the reaction temperature used in the latter method rises, “howev er, 
the total oxygen figures become gradually lower. 


- 
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TABLE IV.—Results of Determinations of Non-Metallic Inclusions in 
Plain Carbon Steels by the Iodine and Chlorine Methods. 


















| | | 
| | Weight! ‘Total . | | 
| Steel | of Inclu- | eaves Al,05. FeO. MnO. Total 
Sample; Sample} sions.* | Oxygen. 
| No. | Used.| % | | | | | @ 
| | G. | %- Os %- | %- | O, %- %- O, Yo os O, %oe 
j Iodine Method. 
be 9995 10 1 9-138 | 0-038 | 0-0203 | 0-017 0-0080 | 0-0378 | 0-0084 | 0-0381 | 0-0086 | 0-0453 
ee 10 | 0-198 | 0-020 | 0-0107 | 0-0165 | 0-0078 | 0-0968 | 6-0215 | 0-0484 | 0-0109 | 0-0509 
| 902 10 | 0-102 | 0-040 0-0213 | 0-026 0-0122 | 0-0120 | 0-0026 | 0-0214 | 0-0048 | 0-0409 | 
|X 293 | 10 | 0-104 | 0-044 | 0-0235 | 0-021 0-0099 | 0-0149 | 0-0033 | 0-0149 | 0-0033 | 0-0400 
y294 f 10 | 0-140 | 0-040 | 0-0213 } 9-025 | 0-0118 0-0387 | 0-0086 | 0-0353 | 0-0080 | 0-0497 
poe 10 | 0-082 | 0-036 | 0-0192 | 0-021 | 0-0099 | 0-0045 | 0-0009 | 0-0167 | 0-0038 | 0-0338 | 
¥ 295 {| 10) | 0-136 10-039 0-0208 | 0-018 0-0085 | 0-0225 | 0-0050 | 0-0465 | 0-0105 | 0-0448 
h*="99! 10 | 0-110 | 0-048 | 0-0256 | 0-014 | 0-0066 | 0-0072 | 0-0016 | 0-0372 | 0-0084 | 0-0422 
¥ 296 f 10 | 0-212 | 0-048 | 0-0256 | 0-047 | 0-( 0-0083 | 0-0019 | 0-0986 0-0707 | 
= a3 10 | 0-224 0-050 | 0-0267 | 0-0495 0-0234 | 0-0113 | 0-0025 | 0-1079 3 | 0-0769 | 
ees 10 | 0-206 | 0-038 | 0-0203 | 0-052 | 0-0245 | 0-0216 | 0-0048 | 0-0782 | 0-0176 | 0-0672 | 
Y297 U 10 | 0-180 | 0-036 , 90-0192 | 0-048 0-0226 | 0-0144 | 0-0032 | 0-0744 | 0-0167 0-0617 | 
| 
Chlorine Method at 300° ©. 
19 | 0-094 | 0-064 | 00-0341 ; 0-022 , 0-0104 | 0-0054 | 0-0012 10-0149 | 0-0033 00490 | 
10 | 0-097 | 0-068 | 0-¢ 2 | 0-020 | 0-0094 | 0-0054 | 0-0012 ca oe 0-0468 | 
10 | 0-118 | 0-062 | 0-0333 | 0-020 | 0-0094 | 0-0324 | 0-0072 see ese 0-0497 | 
10 0-119 | 0-064 | 0-0341 |0-0165' 0-0078 | 0-0338 | 0-0075 ian ch 0-0494 | 
10 | 0-156 | 0-066 0-0352 | 0-054 | 0-0254 | 0-0054 | 0-0012 | 0-0242 | 0-0054 | 0-0672 
10 0-152 | 0-060 | 0-0320 | 0-049 0-0231 | 0-0225 | 0-0050 | 0-0149 | 0-0033 | 0-0634 | 
10 | 0°153 | 0-062 | 0-0351 | 0-051 | 0-0240 | 0-0084 | 0-0018 | 0-0242 | 0-0054 | 0-0645 
Chlorine Method at 400° C. 
10 | 0-093 | 0-062 | 0-0331 10-015 |0-0071 | 0-0048 | 0-0011 | 0-0084 ;0-0019 | 0-0432 
10 | 0-086 | 0-058 | 0-0309 | 0-020 | 0-0094 | 0-0040 | 0-0009 | 0-0020 |0-00045 0-0417 
10 | 0-089 | 0-056 | 0-0299 | 0-0133 | 0-0063 | 0-0062 | 0-0014 | 0-0093 |0-0021 | 0-0397 


Chlorine Method at 500° C. | 
10 | 0-095 | 0-056 | 0-0299 | 0-011 ; 0-0052 | 0-0171 0-0038 | 0-0074 ; 0-0017 |0-0406 
10 | 0-081 | 0-060 | 0-0320 | 0-0076 | 0-0036 | 0-0041 | 0-0009 | 0-0071 | 0-0016 0-0381 











10 | 0-094 | 0-051 | 0-0272 | 0-012 0-0056 | 0-0279 | 0-0062 | 0-0068 | 0-0015 |0-0405 | 
10 0-086 | 0-054 | 0-0288 | 0-0115 | 0-0055 | 0-0113 | 0-0025 | 0-0076 | 0-0017 |0-0385 | 
10 | 0-147 | 0-056 | 0-0299 | 0-045 0-0212 | 0-0117 | 0-:0026 | 0-0260 | 0-0049 | 0-0596 
10 | 0-138 | 0-040 | 0-0213 | 0-035 | 0-0162 | 0-0158 | 0-0035 10-0391 0-0088 |0-0498 
10 | 0-130 0-056 | 0-0299 | 0-021 0-0099 | 0-035 0-0078 | 0-0062 | 0-0014 | 0-0490 
22 | 0-114 | 0-052 | 0-0277 | 0-024 | 0-0113 | 0-020 | 0-0044 | 0-0112 | 0-0025 |0-0459t 
— | ! —_——— 

* All non-metallic inclusions in the full state of oxidation. 

+ X 296 and X 297 are basic steels; all the others are acid steels, 

t Determined on the solid section; all the others were turnings. 


(2) When results by the iodine method and the chlorine method at 
300° C. are compared it will be observed that 


(a) The figures for Al,O, are in good agreement. 

(b) SiO, is always proportionately higher by the chlorine method. 
(c) The total for FeO and MnO is always lower by the chlorine method 
(d) ; 


With some diffidence the following explanation is offered. At 
300° C. chlorine attacks FeO and MnO to some extent, liberating 
oxygen which is immediately taken up by the silicon also set free by 
chlorine attack. The resulting SiO, is unattacked by chlorine at 
300° C., but the iron and manganese are volatilised as chlorides. 
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Thus, although the FeO and MnO figures on the residue will be low, 
no oxygen has been lost. 

(3) In the chlorine method rising reaction temperatures appear 
to lead to lower Al,O, recoveries, although Al,O, is unattacked at 
550° C. Silica also behaves in a similar fashion, but to a much less 
marked degree. 

(4) It is noticeable that although the FeO and MnO figures vary 
considerably in both methods, the effect on the total oxygen figure 
is slight, since the O/FeO and O/Mn0O ratios are low compared to the 
O/SiO, and O/A1,Oz ratios. 

It cannot, therefore, be argued that either method gives the exact 
chemical composition of the original non-metallic inclusions. 

(5) In every steel examined the difference between the weight of 
the ignited non-metallic residue and the total of the four individual 
oxides determined chemically is within the limit of experimental 
error. 

(6) CaO and MgO have not been detected in any of the non- 
metallic residues. 


X-Ray EXAMINATION OF RESIDUES FROM STEEL. 


X-ray analyses have been made on non-metallic residues obtained 
by the decomposition of a steel by iodine and chlorine. For this 
purpose steel X 296 was used. 

X 296. Chlorine Method at 300° C.—The powder photograph 
showed that there was very little crystalline material present. There 
was dense general blackening of the film with a broad band 
characteristic of amorphous material. 

There were a few faint sharp reflections showing the presence 
of crystalline material. This pattern did not correspond with 
any of the patterns of known substances which the authors possess, 
and the information obtainable from it is insufficient for satisfactory 
interpretation and identification. 

X 296. Iodine Method.—The pattern was that of a cubic crystal 
with unit cell edge of 5-209 + 0-002 A. The lattice was face-centred. 
This corresponds closely with MnS, which is a face-centred cubic 
lattice with a, = 5-212 + 0-002 A., according to Ellefson and 
Taylor. 

The relative intensities are also consistent with the assump- 
tion that the crystal was MnS. Reflections from planes for which 

h + k + lis odd are very weak, i.e., consistent with a sodium chloride 
type lattice with atoms not very different in reflecting power. There- 
fore the crystal was certainly not an oxide. Manganese and sulphur 
have reflecting powers which are not very different from each other, 
and the lattice is of the NaCl type. 

This is the only crystalline substance which can be detected. 

The detection of MnS in the iodine residue is very interesting in 
view of other workers’ statements (discussed in the section on 
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halogen methods in the present paper). An iodine residue from the 
same steel was tested chemically for sulphides. It was found that 
sulphides having a sulphur content equivalent to 0-0144% on the 
original steel were present in this residue. This suggests that either 
(a) the whole of the sulphur was not originally present in the steel as 
MnS§, or (b) that MnS is partially decomposed by iodine. 

It is important to notice that almost 50°, of the manganese 
in the iodine residue from X 296 was present as MnS, and not as an 
oxide. The value shown in Table IV. for total oxygen for this steel 
will be correspondingly high. 

It is interesting to observe that the non-metallic residues from 
both methods are largely amorphous. 


DETERMINATION OF NoN-METALLIC INCLUSIONS IN ALLOY STEELS 
BY THE CHLORINE METHOD. 


Steels of the 6%, chromium/0-3°% molybdenum, the 12-14% 
chromium, and the 18% chromium/8°% nickel types have been 
examined for non-metallic inclusions by the chlorine method. For 
the first two types of steel a reaction temperature of 500° C. was 
used, but for the Staybrite type a temperature of 550° C. was required. 
The reaction between these steels and chlorine proceeded normally, 
except that it was not as vigorous as for plain carbon steels; it 
appeared to be less exothermic and its commencement did not take 
place at so low a temperature. Further, the chromium chlorides 
formed were not wholly volatile at 500-550° C. and were only 
soluble with difficulty or completely insoluble in water. The 
insoluble chromium chlorides were removed by washing the residue 
of inclusions with a warm dilute solution of stannous chloride 
(vide Wasmuht 1%), 

These steels could not be attacked with iodine, since the carbides 
would remain undissolved in this reagent. 

The results will be found in Table V. 

It is interesting to observe that in all cases Cr,O, was present in 
the non-metallic residue. 


THE DETERMINATION OF NON-METALLIC INCLUSIONS IN Cast TRON. 


A short preliminary investigation into the determination of 
non-metallic inclusions in cast iron was undertaken. A sample of 
cast iron was treated by both the chlorine and the iodine methods, and 
it was found that the latter method gave a residue which was several 
times greater than that from the former. Further, the residue from 
the iodine treatment was readily fusible at about 900° C., whilst the 
residue from chlorine attack behaved quite normally and was 
infusible when strongly ignited. Since the sample of cast iron used 
contained 0-85°% of phosphorus the presence of this element in the 
residue after iodine attack was suspected. The readily fusible nature 











OF 


TERMINATION 


“SUOIJVUIUTIOJOp OAOGB oy} JO AuB UT pUNO;F svm Ou Jo 4700-0 Wey oIOUI YON—ALON 
*UOTZVPTXO JO O7VIS [[NJ OY} UT SUOISNPOUT oTTeJoUI-uOU [Ty 4 
‘Dd .0€¢ 02 poster oinzeiodure, UOTIOBOY » 


DE 


> 
4 


TH 


9620°0 | €000-0 | S100-0 | L100-0 | LL00-0 | F010-0 | ZZ0-0 | OLTO-0 | ZE0-0 090-0 OL I ; , 996 
t#90°0 | LOTO-0 -S0°0 | $200-0 110-0 | GZI0-0 | 920-0 | LEE0-0| 390-0 O9T-0 Or ? OZ 
L080-0 | 0610-0 090-0 | £900-0 0€0:0 | €110-0 | #20-0 | LEFO-0| 780-0 L0G°0 Or - 5 60z 
66£0-0 | 6100-0 | 20-0 | 6000-0 | St00-0 | 610-0 | I#0-0 | SLI0-0| 220-0 | 060-0 OL . GLE 
FLEO-0 | 9100-0 | 20-0 | 9000-0 | LZ00-0 | ZFIO-0 | 080-0 | OST0-0 | 80-0 #80-0 OL ILé 
£TG0-0 | 8800-0 830-0 | 9100-0 | ZL00-0 | 8610-0 | #F0-0 | $1Z0-0 | OF0-0 FEL‘0 of: é 69% 
£0¢0-0 | 9100-0 | 20-0 | #100-0 | 900-0 | Z1Z0-0 | St0-0 | €0Z0-0 | 80-0 OLL-0 89 
4060-0 | €800-0 LZ0°-0 $000-0 | 8100-0 | 9220-0 | SFO-0 | Z610°0 | 9€0-0 | SIT-0 0 ‘ag 2 L9G 


MURRAY 


AND 





o 


N, 


. F ‘ow 
aan panei aoe — L°s *[aeqg Jo adAy, eudures 





"O OO€ 10 poyyayy aurswoyy ayn fig sjaaig hop ur suoisnpouy oypojayy-uony fo uoynurmsagjaq@— A ATAV, 


COLBECK, CRAVE 


268 P 








NON-METALLIC INCLUSIONS IN STEEL AND IRON. = 269 P 
of this residue suggested that it might be contaminated with 
unattacked Fe,P. 
Both residues were therefore analysed for phosphorus and iron, 
and the following results were obtained : 
Fe. P. 
0-61% 0-038% 


Chlorine residue 
4-89% 0-80% 


Iodine residue 


The large preponderance of iron and phosphorus in the iodine 
residue is at once obvious. Practically the whole of the phosphorus 
originally present in the iron remains behind in the iodine residue. 
If the iron found in the chlorine residue is subtracted from the iron 
found in the iodine residue, the balance of iron remaining is approxi- 
mately the amount required to combine with the phosphorus to 
form Fe,P. 


Balance of iron in iodine residue : ‘ : 4:28%, 
Amount of phosphorus required to combine with this iron. 0-79%, 
Actual amount of phosphorus in the iodine residue 0:8% 


These results indicated that iodine does not attack Fe,P, but the 
compound is broken down by chlorine. Further proof of this was 
sought, three cast irons of the following analysis being examined by 
both methods of attack : 


Cast iron: A. B. C. 
Total carbon. %  . ; : 3°15 2-91 3:08 
Silicon. % . : ‘ ; I-11 2-05 1-90 
Sulphur. % ‘ ; , 0-034 0-067 0-043 
Phosphorus. % : . i 0-056 0:55 1-41 
9 ‘ : . 0-58 1-00 0-52 


Manganese. % 


Iron and phosphorus were determined on every residue, and the 
results are shown in Table VI. 


TasLE VI.—Analyses of Cast Iron Residues after Chlorine and Iodine 
Attack. 


Residue after 


Residue after 
| Iodine Attack. 


Chlorine Attack, 
Cast ou acwnese| 
Iron. Remarks. 





C | 0-54 





re 


0-036 


0-045 


0-057 


Fe. 


0-16 


2-49 


5-81 


P. 


0-038 


0-432 


1-14 


No indication of Fe,P in either 
case. Both residues infusible. 

Phosphorus largely retained in 
iodine residue. Iodine residue 
fusible. Chlorine residue in- 
fusible. Iron and phosphorus 
present in iodine residue ap- 
proximately in proportions 
required to form Fe,P. 

As for B. 
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The above results are further evidence of the comparative 
insolubility of Fe,P in iodine, and the breaking down of this compound 
by chlorine. Although the amount of phosphorus remaining in the 
chlorine residues increases slightly as the phosphorus content of the 
iron increases, there is no evidence of the presence of Fe,P, since the 
residues are infusible when ignited. This confirms the work carried 
out by Wasmuht (see the discussion of the chlorine method in the 
present paper). It is suggested that no Fe,P was present in the 
iodine residue from cast iron A, because the phosphorus content of 
this iron was within the solubility range of phosphorus in a cast iron 
of this composition. 

X-ray methods were made use of to confirm the conclusions 
arrived at by chemical methods. The residues after chlorine and 
iodine treatment of cast irons A and C were therefore examined by 
X-ray methods. The results obtained are outlined below. 

Cast Irons Aand C. Chlorine Residues from Treatment at 300° C.— 
A good deal of amorphous material was present, together with a few 
sharp crystalline reflections. These reflections were not very strong 
compared with the background intensity, showing that the propor- 
tion of crystalline material was not large (probably less than 50%). 
Most of the lines were reflections from graphite crystals, but two weak 
lines did not belong to the graphite pattern. The origin of these 
lines is unknown. 

Cast Iron A. Iodine Residue.—The residue was largely crystalline, 
but all the lines were graphite reflections. Some amorphous material 
was also present, but the proportion was not great. 

CastIronC. Iodine Residue-—The X-ray photograph showed the 
presence of crystalline graphite, together with a tetragonal crystal 
having a) = 9-08 A., co = 4°447 A. “According to Hagg @ D FesP is a 
tetragonal crystal w ith ay = 9:09 A., and cy = “4-446 A, 

From these experiments it seems probable that when Fe,P is 
present in cast iron it is unattacked by iodine and is broken down by 
chlorine. This is not in agreement with the evidence of Lundell, 
Hoffman, and Bright “® (see the discussion of halogen methods in 
the present paper). 

The X-ray analyses carried out indicate that, apart from 
graphite, the non- metallic inclusions are probably present in the 
residue in the amorphous state after chlorine and iodine treatment. 


CONCLUSIONS. 
There are two main difficulties in the determination of non- 
metallic inclusions in steel : . 


(1) The complex nature and the numerous possible combinations of 
the oxidic substances. 
(2) The variation in character of these inclusions from steel to steel. 
In the light of present knowledge the value of any selected method 
cannot be assessed with certainty. Only by the closest co-ordination 


- 
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of every branch of metallurgical experience will the problem of the 
determination of the amount and the identification of the chemical 
combination of non-metallic inclusions be solved. It is suggested 
that crystallography and X-ray analysis might prove of value in 
establishing the existence of certain definite compounds, particularly 
in the examination of steel melting slags, and of the non-metallic 
residues extracted from the resulting metals. The brief and inade- 
quate investigation along these lines mentioned in this paper has 
shown that MnS is not wholly soluble and Fe,P is almost completely 
insoluble in iodine solutions. 

Of the methods dealt with in this paper, those depending on 
solutions in an acid are regarded as of little value. The total oxygen 
contents of plain carbon steels as determined by the iodine method 
and the chlorine method at 300° C. are in fair agreement, but whilst 
the figures for Al,O, are comparable, the values for SiO, are higher 
and for FeO and MnO are lower by the chlorine method. In 
the chlorine method, raising the reaction temperature from 300° 
to 500° C. causes a decrease in the recovery of oxidic inclusions. It 
must be remembered that the iodine residues may be contaminated 
with MnS, the results for the total oxygen content being 
correspondingly high. 

Although, because of the presence of insoluble carbides, it is 
impossible to determine the non-metallic inclusions present in alloy 
steels by the iodine method, it is possible to do this by the chlorine 
method. Steels of the 6% chromium/0-3% molybdenum, the 14% 
chromium, and the 18% chromium/8% nickel types have been 
examined, using a reaction temperature of 500-550°C. With this high 
temperature, and bearing the results with plain carbon steels in 
mind, it is possible that these results may be low, but in the absence 
of any direct comparison no definite conclusions can be arrived at. 

With regard to the vacuum fusion method, the literature suggests 
that it may give good values for the total oxygen content of certain 
steels. The ability of such a procedure to throw light on the amount 
and state of combination of the individual oxides is regarded as still 
open to doubt. 

The difficulty of controlling the many important factors in 
electrolytic methods makes their use impracticable at present, 
but it is felt that further investigation might surmount many of 
the obstacles. Theoretically the basic principles of such methods 
are sound, and the difficulties are largely practical, e.g., control of 
pH value of the electrolyte. Carbides probably remain unattacked 
by an electrolytic method. 

The determination of non-metallic inclusions in cast iron presents 
considerable difficulties. The effect of sulphides and phosphides in 
the chlorine method is uncertain, while Fe,P and some MnS probably 
remain undissolved in iodine. 
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DISCUSSION. 


This paper was presented for discussion at the Additional Meeting held in 
London on Thursday, October 29, 1936. 


In introducing the paper, Mr. CoLpeck referred to further work 
that had been carried out since the paper was written, as to the 
effect of alcoholic iodine solutions on the solubility of Fe,P. It now 
appeared probable that, given a sufficient period of shaking, Fe,P 
was either slowly or partially soluble in such solutions. Corrobora- 
tive evidence had been secured by the British Cast Iron Research 
Association,! while H. A. Bright! had obtained similar results 
using aqueous iodine solutions. 

Mr. Colbeck mentioned that a more detailed investigation was 
to be made into the behaviour of Fe,P in alcoholic iodine solutions. 


Dr. C. H. Descu, F.R.S. (Vice-President, Teddington, Middle- 
sex), said that any process for the determination of non-metallic 
inclusions was naturally of great interest, and the present paper 
would certainly be considered carefully by the Oxygen Panel, of 
which Dr. Swinden was Chairman. 

Some years ago, while at Sheffield, he had carried out a good 
deal of work with the chlorine method, but ultimately rejected it, 
for the following reasons. They worked at first at a higher tempera- 
ture, 600° C., but after a visit from Dr. Wasmuht, who had developed 
it in Germany, they came down to the lower temperature of 300° C. 
Even at that temperature, however, secondary reactions were very 
strongly marked, especially if oxygen were present. The great 
difficulty with chlorine was that it was impossible either to purify 
it completely from oxygen or to know when the oxygen had been 
removed. He knew of no chemical method of removing oxygen 
from chlorine. The method which they used, and which was 
described in the paper, of passing over carbon, did not, of course, 
remove the oxygen, but only converted it into oxides of carbon, 
so that there were still oxygen compounds present, and secondary 
reactions were possible. ‘That was the main objection, but in work- 
ing at such a temperature as 300° or 350° C. the possibility of 
secondary reactions, as Wasmuht himself showed, could not be 
left out. 

For that reason, at Sheffield they went over to the iodine method, 
an improvement on that in use at that time in Germany, which was 
afterwards transferred to the National Physical Laboratory and had 
been very much improved by Mr. Rooney. All those who were 
working on it were satisfied that for the simpler types of steel it 
gave satisfactory results. It did not succeed when carbide-forming 
elements were present, but at the same time he would not altogether 
agree with the conclusion in the paper that it was impossible by the 

1 Private communications. 


1936—ii ; 
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iodine method to determine the non-metallic inclusions which were 
present. The ordinary method of carrying out the analysis was, of 
course, after the residue had been obtained to ignite it and weigh as 
oxides, but one was not obliged to do that, and, taking the unignited 
residue, micro-chemical metheds might be employed which would 
separate the different constituents which were present without it 
being necessary to convert them into oxides by heating. Very 
little had been done in that direction, but it seemed to him entirely 
possible. Mere examination under the microscope showed that the 
inclusions were present unchanged in shape, and therefore it should 
be possible to treat them by micro-chemical methods. He thought, 
therefore, that the iodine method could not be dismissed as hopeless. 

The chlorine method, apart from the disadvantages which he 
had just mentioned, was extremely messy, and, on account of 
secondary reactions, one could be quite sure only of the silica and 
alumina; the iron oxide and manganese oxide determinations were 
likely to be uncertain. Silica and alumina, however, could be 
determined without very much error by some of the improved 
electrolytic methods, which were much less troublesome, and he 
questioned whether it was worth while going to such great experi- 
mental trouble to obtain figures for those two constituents. 

Those were the criticisms which he would suggest. He knew 
that the authors had done a great deal of work on the method, and 
their conclusions were very valuable. They would be considered 
very carefully by those who were now reviewing available methods. 
There was general agreement that the total oxygen could be obtained 
in almost all cases by the hot extraction method, but how that 
oxygen was divided up among the different elements was a problem 
which called for a great deal more work, and any contribution to 
it was to be welcomed. 


Mr. T. E. Roonry (Teddington, Middlesex) congratulated the 
authors on tackling a very difficult problem and also on the courage 
which they showed in publishing their results. He had done some 
work on the iodine test himself, as Dr. Desch had said, and it was 
only by comparing one’s results with those of other workers in similar 
fields that one could hope to obtain results in a reasonable time. 

Turning to the paper itself, the first thing he would criticise was 
the authors’ comment on the hydrogen reduction method on the 
third page. In effect, they dismissed that method as being of not 
much use. Personally, he would not be surprised if it were found 
necessary to go back to that method in order to obtain information 
on the amount of ferrous oxide and manganese oxide*present. He 
thought it could give definite information for those two oxides, and 
the authors had referred in another place to the fact that it was 
only by using every available method that it would be possible to 
obtain real information on the complex problem with which they were 
dealing. 
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The authors made some reference to the behaviour of sulphides 
in the iodine method. Trouble had been found with sulphides in 
what were called the free-cutting steels, as had been mentioned in 
the discussion on the paper by Stapleton and himself. They were 
trying higher reaction temperatures to decompose the sulphides, 
and they had had a certain amount of success in that direction. 

The authors also referred to the work on the reactions of 
phosphides of Lundell, Hoffman, and Bright. He thought the 
reference there should be to the aqueous iodine method, which might 
be quite a different problem. Lundell, Hoffman, and Bright did 
refer to the alcoholic method, but he noticed that they recom- 
mended, for the estimation of the inclusions in wrought iron, the 
addition of a certain amount of water to the alcoholic iodine, so that 
quite different reactions might be obtained. The reactions with 
aqueous iodine on phosphides might not be the same as with alcoholic 
iodine. 

In the same section of the paper, the authors referred to 
molybdenum carbide as being soluble. He did not think that that 
was altogether correct, because he had found that with a steel 
containing both titanium and molybdenum a certain amount of 
molybdenum was obtained in the residue. It seemed, therefore, 
that it was not always soluble. ,; 

Under the heading “ Analysis of Non-Metallic Residues ”’ the 
authors stated that a micro-balance was practically essential. He 
himself had said that some time ago, but he would now say that a 
micro-chemical balance was essential if proper work was to be done. 

With regard to the determination of silica in the residues, he 
had found that that estimation was unsatisfactory if one used the 
direct method in the presence of ferric and manganese oxides, and 
that had been confirmed by other workers. 

On the next page the authors used a difference method for the 
estimation of alumina. He did not think that that was altogether 
good enough for the type of analysis in question, although it had 
been checked by using the colorimetric method of Lampitt and 
Sylvester. 

With regard to the method of purifying the nitrogen, he noticed 
that the authors still adhered to the alkaline pyrogallol method, 
though they said they had adopted the method devised by Stapleton 
and himself for the iodine method. He and Stapleton had abandoned 
the alkaline pyrogallol method in favour of the dry method—passing 
over heated copper and so on. 

In Table IV., it was rather remarkable that almost the same 
value for silica in the different steels was obtained by the chlorine 
process, although of course the steels were all practically of the same 
type and low in manganese. The value for silica seemed high, 
especially for sample X297, which had a silicon content of 0-075% 

1 Rooney and Stapleton, Journal of the Iron and Steel Institute, 1935, 
No. I., p. 249. 
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and gave a silica figure of 0-038 and 0-036%, while sample X294, 
with a silicon content of 0-21%, gave almost the same value for 
silica, namely 0-040 and 0-036%. The authors might be interested 
in some figures which had been obtained at the National Physical 
Laboratory on different types of steel with varying silicon and 
manganese contents : 


Bi: %. Bin, %. SiO. > Si. %. Mn. 9%. wmiOy. %.- 
0-004 0-031 0-0017 0-20 0:47 0-011 
0-26 1-15 0-025 0-003 0-02 0-0010 
0-024 0-72 0-017 0-03 0-45 0:0029 
0-09 0-65 0-0013 0-27 0:58 0-005 
0°36 0-66 0-008 0-29 0-70 0-016 
0-14 0-45 0-016 { 0:22 0-52 0-0028 


Those figures represented some of the values which had _ bee1 
obtained, and it did not appear that the silica was dependent on 
the content of silicon or on the manganese content. 

The agreement of the amount of total residue in the duplicate 
analysis by the iodine method in the case of samples X292, X294, 
X295 and X297 was, in his opinion, very poor. Much better agree- 
ment than that could be obtained on duplicates. This might be 
due in part to the use of turnings; he had found that millings of 
the finest possible type were the best things to use. 

On the page following Table IV. the authors referred to the 
limits of experimental error. He would like them to give some clue 
as to what they regarded as reasonable there, because he and his 
co-workers had some doubts on the matter and it would help to 
have some idea of what the authors could do in that direction. 

On the same page, the authors referred to the results of X-ray 
examination. The chlorine residues had already been raised to a 
temperature of 300—500° C., and it could not be expected that they 
would be in the same condition as the inclusions in the steel, so that 
possibly there an X-ray examination was inconclusive. He was not 
sure whether the authors, in the examination of the iodine residues, 
ignited before the examination. That might make a difference in 
the same way. He and his colleagues had tried X-ray examination, 
and in his view negative results were not necessarily conclusive ; 
it might simply mean that the X-ray method was not quite good 
enough to find out what one was after. He had had residues which 
he had known to contain quite large proportions of tungsten carbide 
and chromium carbide, but the X-ray method had not been able to 
detect either of them. Dr. Desch had already referred to micro- 
scopic examination. In the X-ray examination of sample X26, 
which had a sulphur content of 0-06%, he was not surprised that the 
authors had been able to find manganese sulphide; that was some- 
thing which he had found himself, though not by X-rays. He 
would like to ask the authors how the sulphide sulphur was deter- 
mined chemically. That was a point which he was trying to 
investigate. 
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The authors had compared the iodine and the chlorine methods. 
Since he and Mr. Stapleton had published their paper they had made 
very great improvements in the iodine method, and he thought that 
if the authors had used the improved method they would have 
obtained results which were more closely in agreement with the 
results by the chlorine method. By the newer method to which he 
referred it had been possible to obtain lower values for iron and 
manganese oxides, and that would bring the two methods more into 
accord. He had been able to do very little on the examination of 
the residues before ignition for phosphorus and similar elements, 
but it was hoped to do work on those lines in the future. 

The authors would probably agree that their conclusions at the 
end of the paper would probably need some modification as a result 
of their more recent experience and of the criticisms made. 


Mr. W. W. Stevenson (Sheffield) said that the paper appealed 
to him as being a very important addition to the confusion which 
at present existed in regard to the subject with which it dealt. Mr. 
Colbeck, in introducing the paper, had mentioned the getting 
together of all the methods—X-ray, micro-examination and so on- 
for determining these residues. It was a pity that he had not got 
one or two people together before doing so much work on the 
iodine method, because actually that work was two years behind 
the times. The figures in Table 1V. were far higher than anything 
which was obtained nowadays, and the agreement on the whole was 
bad. Most people to-day would not dream of using those methods 
of analysis. 

There were a few details to which he would like to refer. On 
the fourth page of the paper the authors mentioned the time factor 
in connection with vacuum fusion. Vacuum fusion was in fact, 
however, the fastest method available. It was possible to evacuate 
in 2} hr. and completely de-gas in about 35 min., and it was easy to 
do four analyses in a day. 

There was one point which he would like to make in connection 
with the chlorine method. In the set-up of the apparatus shown 
in Fig. 1, the pyrometer was about } in., from the look of it, above 
the boat in which the reaction was taking place. The authors said 
that there was an enormous difference according to whether there was 
a temperature of 300° C. or 500° C. He would suggest that that 
pyrometer did not give the temperature of reaction which was 
developed immediately in that boat. The question of temperature 
control, as Mr. Rooney had indicated, was the all-important factor 
in the attack of the halogen elements on metals, their carbides and 
their oxides. 

He would conclude by answering Mr. Colbeck’s question by 
saying that it was nearly possible, by the latest improvements in 
the iodine method, to obtain the total non-metallic inclusions and 
to know what one had when one had obtained them. 
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Dr. T. SwrypeEN (Member of Council, Sheffield) said that, as 
Chairman of the Oxygen Panel, he was left with almost nothing to 
say, the members of that Panel having described so ably the work 
that they had done. He would like to take the opportunity, how- 
ever, of paying a tribute to the way in which they were working, 
and particularly to the way in which they were working together. 
Mr. Colbeck opened his introduction to the paper with a reference to 
the urgency of the problem. The members of the Oxygen Panel 
recognised that urgency, and they had, rightly or wrongly, con- 
centrated their work on the vacuum fusion and the alcoholic iodine 
methods. The progress of the work, individually and collectively, 
and particularly with regard to Mr. Rooney’s iodine method, had 
been such that they felt they were within striking distance of having 
a really useful and reliable method in the iodine extraction method, 
at least so far as certain types of steel were concerned. 

The attraction of the chlorine method, were it reliable, would 
lie in its ability to deal with the alloy steels, but the authors’ sum- 
ming up on that was not very reassuring, in that they said “ steels 
of the 6% chromium/0-3% molybdenum, the 14% chromium, and 
the 18% chromium/8% nickel types have been examined, using a 
reaction temperature of 500-550° C. With this high temperature, 
and bearing the results with plain carbon steels in mind, it is possible 
that these results may be low, but in the absence of any direct 
comparison no definite conclusions can be arrived at.”” That was 
an honest statement, and it was certainly going further than one 
could go at the moment with the iodine method. It had already 
been decided that the chlorine method must be seriously considered, 
and as a matter of fact would be discussed at a meeting of the 
Oxygen Panel to be held later that afternoon. 

He imagined that the most important fraction of the oxygen, 
so far as they were concerned, was FeO and MnO; they were not so 
much concerned, presumably, with the oxygen which was present 
as silica or as alumina, or at least he would much prefer to rely on 
a micro-examination for refractory inclusions or slag inclusions 
than on any chemical method. Again, there was the vacuum 
fusion method, which was giving consistent results in different 
laboratories for the total oxygen. What was not known, however, 
was what was the effect of that FeO—-MnO fraction, and he agreed 
with Mr. Rooney that it would be well worth while to look back at 
the hydrogen reduction method from that point of view. As he 
had mentioned when discussing Dr. Thanheiser’s paper at Diissel- 
dorf,1 work had already been started on that. It was from that 
angle that he would criticise the chlorine method. If it did not give 
reliable results for the FeOQ-Mn0O fraction, then frankly he took very 
little interest in it. 


Dr. W. H. Hatriexp, F.R.S. (Vice-President, Sheffield), thought 
the work described in the paper under discussion was very important. 


1 This Journal, p. 359 p. 
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The chlorine method which Dr. Swinden had just discussed was very 
interesting as applied to the chromium and the alloy steels, and he 
surmised that, whereas the work of the Oxygen Panel had been 
largely confined to the carbon steels, Mr. Colbeck, through his 
interest in chemical reactions in alloy steels and so on, had been led 
to take rather a wider field. He would suggest that the insolubility 
of iron phosphide in alcoholic iodine was a new point, and he would 
congratulate the authors on that. 


CORRESPONDENCE. 


Mr. RENE Castro (Ugine, Savoie, France) wrote that he had 
been very interested in the authors’ work, which provided im- 
portant confirmation of the experimental results, established for 
some years, for certain methods of separating inclusions. 

Hot Extraction Method.—The authors put forward certain 
reservations concerning the hot extraction method, which seemed 
to be well justified in regard to the fractional extraction of the 
oxygen of the different oxides constituting the inclusions in steel. 
The control of this process had, in fact, been carried out principally 
by reduction tests on mixtures of oxides in the free state and not in 
the condition of inclusions in the metal. Now, he thought that so far 
it had not been possible to demonstrate precisely that the pressure 
curves of the reduction by carbon of three separate oxides—such 
as SiQ,, Al,O;, and MnO, for example—could be simply super- 
imposed to furnish the pressure curve of the reduction of a complex 
silico-aluminate of manganese; it therefore seemed difficult to 
believe that the ferrous oxide, in a complex state of combination, 
more or less crystalline, in the iron silico-aluminates, frequently 
of large size, met with in certain killed steels, would be reduced 
quantitatively at the same temperature as the free ferrous oxide, 
in a finely-divided state, contained in an effervescing steel. 

In any case, the authors appeared to be severe in expressing 
a doubt as to the quantitative reduction of alumina for the estima- 
tion of the total oxygen. All recent researches were in agreement 
in establishing that this reduction was perfectly possible when ade- 
quate precautions were taken. 

In the study and the application of any method of separating 
inclusions, the use of this hot extraction method seemed to him 
to be indeed indispensable, for it enabled a doubt to be cast on all 
residue analyses which gave a total oxygen content of the inclusions 
greater than the total oxygen given by reduction by melting in 
vacuo. 

On this subject, he would be very glad if the authors could furnish 
some further information regarding the conditions of manufacture 
of the two basic steels and the acid steels which served as raw 
material for their numerous experiments. In effect, the total oxygen 











280 P COLBECK, CRAVEN, AND MURRAY: THE DETERMINATION OF 


contents given for all the steels examined, in particular for the 
special steels, seemed to be very high, and considerably above the 
average contents which he had generally found in the majority 
of commercial steels of these categories, as well as the contents 
given in the literature. 

Chlorine Method.—He noted that the authors had _ purified 
their chlorine by passing it over wood charcoal heated to about 
900°, Had they determined the content of impurities before and 
after passing the gas? Personally, such analytical tests on the 
chlorine had led him to reject this procedure. These tests had, in 
effect, shown that wood charcoal, carefully prepared (treated for 
24 hr. in boiling hydrochloric acid, washed, treated for 4 hr. in 
boiling hydrofluoric acid, washed, and dried by heating in a muffle), 
was hygroscopic and, further, adsorbed considerable quantities of 
air impurities, the removal of which was very difficult; in fact, 
on leaving the charcoal tube, the chlorine always contained quanti- 
ties of carbon monoxide and carbon dioxide considerably greater 
than those corresponding to its initial content of oxygen, and also 
vapours of hydrochloric acid. 

If, in principle, CO was without effect on the chlorination 
reactions, CO, could act as an oxidiser and increase the quantity 
of oxides, principally FeO, in the residue after attack ; comparative 
tests with chlorine so treated and with perfectly pure chlorine had 
confirmed this supposition. 

Certain works producing liquid chlorine were actually able to 
supply liquid chlorine in small bottles (2 or 3 litres), the purity of 
which was nearly perfect. The gas which he had used for several 
years contained only immeasurable traces of impurities (50 litres 
of chlorine absorbed in an air-free solution of potash produced a 
residue of only a few cubic millimetres which was not absorbable), 
and could be used directly (after simple preliminary drying with 
phosphorus pentoxide) on leaving the bottle. 

In their mode of procedure, the authors commenced the heating 
of the reaction tube after the current of chlorine had begun to 
circulate. O. Meyer, in a research in which he (the writer) had 
personally collaborated, had shown that even if the reaction tube 
were dried in the cold after cleaning and washing, a very tenacious 
film of moisture existed on its surface which could only be elimin- 
ated towards 200-250° (a phenomenon well known in vacuum 
technology). The departure of this moisture in the presence of 
chlorine could sometimes lead to an energetic parasitic oxidation of 
the sample. For this reason it seemed preferable to heat the 
furnace to about 200° in a current of nitrogen to eliminate these 
traces of moisture, before introducing the current of chlorine. 

The authors had made two comparative tests on the isolation 
of inclusions using drillings and solid pieces, and had obtained 


1 Archiv fiir das Hisenhiittenwesen, 1932-33, vol. 6, p. 193. 
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results agreeing reasonably well. It would have been extremely 
interesting and desirable to multiply these tests, because, up to the 
present, recent researches on the chlorine method had shown that 
the use of drillings was not to be recommended, for several reasons : 

(a) As the authors truly remarked, the reaction of chlorine 
with iron was strongly exothermic and was accompanied by a 
considerable rise in temperature of the specimen. This increase 
became the greater as the ratio of the surface to the volume of 
the sample was raised and as the radius of curvature of the metallic 
surface became less—precisely the case of drillings. If the temper- 
ature were measured, as the authors had done, by a thermocouple 
placed above the boat, errors, sometimes by no means negligible, 
could be made in measuring the true temperature of reaction. 
Thus, if the operation were carried out in a dark room, when the 
couple indicated a temperature of 300-350°, one could see incan- 
descent points scattered about on the contents of the boat, indicat- 
ing an increase of the true reaction temperature at the surface of the 
metal of several hundreds of degrees. This could explain why 
the authors’ chlorination tests at 400° and 500° gave decreasing 
values for SiO, and Al,O,, although these substances were stable 
in chlorine at about 550° in the absence of iron. Even when 
massive specimens were used, the rise of temperature of the specimen 
could reach 150°. For this reason he preferred to carry out the 
chlorination on solid specimens weighing 10-15 g., the temper- 
ature not exceeding 450-500° and being measured within the metal 
by means of a thin thermocouple ((18/8)/constantan, for example). 

(b) The surface and the reactivity of drillings being very con- 
siderable, they would be more liable to parasitic oxidation reactions 
(CO, in the chlorine, moisture film, &c.). 

Further, the writer was in complete agreement with the 
authors in regard to the conclusions drawn from their work, namely, 
that the chlorine method was capable of isolating SiO, and Al,O, 
present in inclusions of a medium or strongly acid character only, 
but that the values found for MnO and FeO were always too low, 
except in cases where these oxides were combined in a compound 
sufficiently acid and stable to resist attack by chlorine. 

With regard to the iodine method, he had not yet made sufficient 
tests to be able to form a well-based personal opinion; he would 
suggest, in any case, that, when applying it to special steels con- 
taining carbides, the latter should be brought into solution in the 
metal by quenching, according to the procedure indicated by 
H. Styri,} and by C. M. Johnson.? Regarding sulphides, in those 
steels the presence of special elements (chromium, zirconium, 
&c.) 3 generally conferred on them a greater resistance to attack by 


1 Transactions of the American Institute of Mining and Metallurgical 
Engineers, 1933, vol. 105, p. 185. 

2 Iron Age, 1933, vol. 132, No. 12, Sept. 21, p. 24. 

3 A. Portevin and R. Castro, this Journal, p. 213 p. 
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chemical reagents than that of MnS, and it was probable that they 
would be entirely insoluble in the iodine solutions. 


Professor T. Turner (Hon. Vice-President, Leatherhead, 
Surrey) wrote that this paper constituted a valuable contribution 
to the study of the determination and nature of the non-metallic 
inclusions in steel and iron. As the references given did not go back 
beyond 1926, it might be of interest to recall that the chlorine process 
was described during last century by Watts,! and used by the present 
writer.? In a section of the latter paper, which dealt with inclusions, 
and was entitled “ Separation of Slag,’’ a modification in the working 
of the process was described, but without any alteration of principle. 
The apparatus used was as represented in Fig. 1 of the authors’ 
paper, except that no means was then available for ascertaining the 
reaction temperature. Chlorine was generated by the action of 
hydrochloric acid upon manganese dioxide ; it was purified from free 
oxygen by passing through a red-hot tube filled with lampblack, 
and dried by bubbling through sulphuric acid. The sample was 
contained in a porcelain boat and the tube was heated by a gas 
burner. The conclusion arrived at was that “the chlorine process, 
in the modified form above suggested, has the great advantage of 
distinguishing between the unoxidised silicon and slag.” It was 
found that the residue left behind in the boat contained some 
manganese. ‘Tests by the iodine and the bromine methods, con- 
ducted shortly afterwards, gave unsatisfactory results, as the residue, 
after ignition, was found to be impure and to be contaminated with 
oxide of iron. The explanation of this was, no doubt, the presence of 
Fe,P, as now shown by the present authors. The chlorine process 
was found to be unsatisfactory when applied to wrought iron, which 
contained slag inclusions rich in oxide of iron. The residue in the 
boat might then be practically free from iron, showing that oxide of 
iron was attacked by chlorine at the temperature employed. The 
loss of oxide of iron in the chlorine process was also noted by the 
authors, as in Table IV. of their paper. Thus, with example X292 
the iodine method yielded 0-0378% of FeO. The chlorine process 
yielded as follows : 


At 300°C. . . . 0:0054% 
at 400°C. . . . 0:0048% 
at 500°C. . . . 0-0171% 


As the total inclusions in the three experiments were practically 
constant, at 0-094%, 0-093%, and 0-095, there would appear to 
be a loss of FeO of variable amount, and that raised the’ question as 
to the validity of the method where the inclusions contained much 
FeO. With blast-furnace products the slag was practically free 
from iron, and the objection did not arise. 


1 Chemical News, vol. 45, p. 279. 
2 Journal of the Chemical Society, 1884, vol. 45, p. 262. 


’ 
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Mr. J. G. Pearce (Birmingham) wrote that this paper was of 
particular interest to those who were, or who were likely to be, 
working on inclusions in pig and cast iron. So far as was known, 
such work was confined to Mr. Colbeck’s laboratory and that of the 
3ritish Cast Iron Research Association. The special feature of the 
chlorine method on these materials was that phosphorus compounds 
were largely removed, whilst in the iodine method, as at present 
conducted, these compounds were largely left behind in the residue. 
In some pig and cast irons the amount of phosphorus present 
resulted in its compounds forming the major part of the residue. 
Experiments had been, and were being, made in the British Cast 
Iron Research Association laboratories on the effect of prolonged 
churning in the iodine method on the solubility of phosphorus com- 
pounds. The paper by Mr. Colbeck and his colleagues showed that 
the use of the chlorine method could be justified for these materials 
on this ground alone, in conjunction, of course, with the iodine 
method, and for this reason it was greatly appreciated. 


AUTHORS’ REPLY. 


In reply to Dr. Desch the AuTHoRs wrote that they were fully 
alive to the possibility of secondary reactions occurring when 
chlorinating steels and irons. They were carrying out further work, 
in addition to that described in the paper, to explore such possi- 
bilities. In particular, they proposed to study the behaviour of 
steels having varying silicon-to-manganese ratios. Possible 
reactions between silicon metal, manganese metal, silica and various 
manganese oxides would also be investigated. 

Dr. Desch and others had raised questions regarding the purity 
of the chlorine. The authors appreciated that it was extremely 
difficult to give an explicit answer to many of the points raised. 
The chlorine used throughout the experiments was prepared by a 
liquefaction process, and the authors had reason to believe that 
it was of a high degree of purity. Arrangements were being made 
for the chlorine to be examined spectrographically for the presence 
of oxygen and other impurities. It was, however, possible that the 
effect of traces of oxygen in the presence of a very large excess 
of chlorine might have been exaggerated. It was suggested that 
iodine solutions might equally well contain dissolved oxygen, which 
might play a similar part when this method was used. 

The authors were interested in advances made in the micro- 
chemical analysis of non-metallic inclusions referred to by Dr. 
Desch. They would like to reiterate the statement they had already 
made that the paper was not intended to be an apologia for the 
chlorine methods but rather a comparison between a number of 
different methods. They had no intention of dismissing the iodine 
method as hopeless when applied to alloy steels, but had endeavoured 
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to direct attention to difficulties which, so far as they were aware, 
had not yet been overcome. ‘The authors could not agree with 
Dr. Desch’s suggestion that the chlorine method was extremely 
messy, nor that it was more troublesome than some of the improved 
electrolytic methods. 

In reply to Mr. Rooney, the authors would like to point out 
that they had questioned the accuracy of the hydrogen reduction 
method on the grounds of its failure to reduce silica and alumina. 
If, however, more recent work had suggested that ferrous oxide and 
manganese oxide could be determined accurately by this method, 
its possibilities should undoubtedly receive further consideration. 

Mr. Rooney’s comments on the solubility of molybdenum carbide 
were of considerable interest, in view of the generally accepted idea 
that it was completely soluble in alcoholic iodine. 

With regard to the chemical analysis of non-metallic residues, 
the authors regretted that up to date there had been little standard- 
isation of the methods employed, and that this had resulted in a 
difference of opinion as to the determination of silica. Until a 
satisfactory method for the colorimetric determination of aluminium 
was worked out, any figures, by difference or otherwise, for this 
element, must be open to doubt. In their own determinations the 
authors had been able to account for all except a maximum of 
0-4 mg. of the total non-metallic residue by analysis; they would 
regard such a discrepancy as an experimental error. 

The explanation for the similarity in the silica content in the 
different steels examined by the authors might lie in the fact that 
they were all made under similar conditions and from the same base 
material. 

The residues from both the chlorine and the iodine methods had 
been subjected to X-ray examination in the unignited condition. 
The authors agreed with Mr. Rooney that negative results were 
not necessarily conclusive, but suggested that further investigation 
along these lines might be profitable. The sulphide content had 
been determined on a separate unignited non-metallic residue 
obtained by the iodine method; a simple evolution method had 
been employed. 

The authors thanked Mr. Stevenson for his contribution to the 
discussion. His reference to the speed with which vacuum fusion 
determinations could be carried out was interesting, but they felt 
that this was a doubtful virtue until the reliability of the method 
had been established beyond doubt. It was difficult to measure | 
the maximum temperature attained in the boat during chlorination, : 





owing to the very strong exothermic character of the reaction. In ( 
recent modifications of the chlorine apparatus this spoint had ( 
received consideration. 

Mr. Stevenson suggested that the iodine method was capable of 
giving precise information as to the non-metallic inclusions in steel. 


The authors still felt that this statement was too broad. They 
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agreed that the iodine method was capable of giving good results 
in determining the oxides in plain carbon steels. It had not yet 
proved reliable, however, for alloy steels or for inclusions other 
than oxides in plain carbon steels. Further, it had the same draw- 
back as other methods, that it did not indicate the exact state of 
combination in which the oxides were originally present. 

The authors were very interested in Dr. Swinden’s comments, 
and would be glad to have further information on the results which 
he had obtained by the vacuum fusion method. Dr. Swinden 
claimed that he had obtained accurate results for the total oxygen 
by this method. At the moment, investigators using the chlorine 
and iodine methods were reporting results for silica, alumina, iron 
oxide, manganese oxide, &c. As yet, none of them had determined, 
by purely chemical means, the actual form in which these oxides 
were present. From a qualitative point of view Portevin and Castro 
by their metallographical examinations were able to identify certain 
minerals in non-metallic inclusions. It was for this reason that the 
authors had suggested that the closest co-ordination of all branches 
of metallurgical research, including X-ray and metallographical 
methods, should be used to solve the problem. 

In reply to Dr. Swinden’s criticisms regarding the FeO and MnO 
found by the chlorine method, the authors would suggest that 
at this stage there was insufficient evidence to prove that any 
process gave the correct results for these oxides. 

Dr. Hatfield was correct in his assumption that the problem 
of determining non-metallic inclusions in alloy steels had led the 
authors to re-examine the possibilities of the chlorine method. 
They realised there were considerable difficulties in using the iodine 
method for this purpose. They had not intended to give the 
impression in their paper that they considered that any of the 
methods used at present was of necessity the ideal one. They had 
published their results in the hope that they would lead others to 
try a wide variety of different methods in an endeavour to arrive 
at the best solution. 

The authors thanked Mr. Castro for his very interesting con- 
tribution, and in particular for his comments on the hot extraction 
method. They felt that he had confirmed their own doubts as to 
the efficacy of fractional extraction of oxygen and separation of the 
different oxides by this method. While the authors believed that 
the hot extraction method could never give accurate information 
on the state of combination of the oxides, they agreed that, provided 
that all necessary precautions were taken, it might give the total 
oxygen content. An important, and often neglected, source of 

error appeared to be the effect of cooling on the manganese films 
formed and the consequent absorption of carbon monoxide. Unless 
suitable precautions were taken, such absorption must lead to low 
results for the total oxygen. 
In reply to Mr. Castro’s request for further information on the 
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steels used, all of these, except NX, were prepared in a small high- 
frequency induction furnace and were cast in the form of ingots 
weighing about 10 lb. each. Steels X296 and X297 were prepared 
in magnesite crucibles, the remainder being made in sillimanite 
crucibles. In all cases the steels were fully deoxidised prior to 
casting. 

The authors appreciated Mr. Castro’s constructive remarks about 
the purification of chlorine and the necessity for eliminating the 
last traces of moisture in the reaction tube. 

The advantage of using solid test-pieces in preference to 
drillings in the chlorine method was fully appreciated by the authors. 
As pointed out in their paper, they believed that where representative 
solid test-pieces could be obtained this was the best form of sample 
to use in the chlorination process. Numerous cases, however, 
must arise where such samples could not be obtained or where the 
number of tests required would have to be muliplied many times if 
solid test-pieces were used. The authors felt that it would be 
interesting and desirable to carry out further comparative tests, 
using drillings and solid test-pieces, in order to come to a definite 
conclusion as to the accuracy of the results when drillings were 
used. 

The authors were grateful to Professor Turner for drawing their 
attention to his early work on the use of halogens for determining 
non-metallic matter in steel and iron. The contamination of iodine 
residues noted in this work might be due to hydrolysis, with con- 
sequent formation of basic iron salts if aqueous iodine solutions were 
employed. The determination of the non-metallic inclusions in 
wrought iron would be expected to present considerable difficulties, 
owing to the large volume of slag and its high phosphorus content. 

The variation between the FeO contents as determined by the 
iodine and chlorine methods was undoubtedly a marked feature of 
the results shown in Table IV. It would also be noted that figures 
for the iodine method agreed poorly amongst themselves and these 
points required further study. 

The authors thanked Mr. Pearce for his remarks on the 
application of the iodine and chlorine methods to the determination 
of inclusions in cast iron. They agreed that the presence of phos- 
phorus in iodine residues was a serious complication and was, in 
itself, a sufficient reason for exploring the possibility of the chlorine 
method in the case of cast iron. 





























INVESTIGATIONS INTO THE INFLUENCE 
OF COKE QUALITY ON BLAST-FUR- 
NACE OPERATIONS. 


By W. J. BROOKE, H. |] 


i. R. B. WALSHAW, anv A. W. LEF, B.Sc., 
A.M.I.M. 


E. (SCUNTHORPE). 


SYNOPSIS. 


A history of the investigations into methods of ascertaining the 
quality of blast-furnace coke is given, reference being made to work 
done in collaboration with the Midland Coke Research Committee. 

The effect of belt transport on the coke breakage from the coke- 
ovens to the blast-furnace bunkers is shown. 

Methods of sampling coke as dictated by works experience are 
discussed, together with their application to the results obtained by 
the shatter and abrasion tests. 

Based on the results of small-scale experiments on the effect of 
mixing finely ground coke breeze with the coking slack, a breeze 
blending plant was installed. The effect of this breeze on the shatter 
index of the coke is made evident, together with the effect which 
the breeze-blended coke had on the blast-furnaces. 

The necessity for an abrasion test is shown, and various results 
in connection with this test are given. 

Investigations have been made into the coking properties of 
various slacks used, and the results of swelling tests on these slacks 
are set forth. : 

Large-scale experiments are described, showing the effect of fine- 
grinding various South Yorks coking slacks, as a result of which a 
fine grinding plant was installed. Data obtained from the experi- 
mental ovens are compared with those obtained from the coke after 
putting into operation the fine grinding plant. 

Attempts are made to correlate the data obtained in connection 
with the coking slack—coke-blast-furnace cycle. 


In September, 1938, one of the authors? contributed a paper on 
““Co-Ordinated Heat Conservation at the Normanby Park Steel 
Works, Scunthorpe,” in which, inter alia, attention was drawn 
to the economies to be obtained by the efficient utilisation of gases 
from a combined plant of coke-ovens and blast-furnaces. Whilst 
at the time of writing the steel industry of Great Britain had not 
attained its present dimensions, and whilst the plant as a whole 
was then working considerably below its potential output, sufficient 
evidence was present to point to the great benefits that could be 
obtained from a system such as was described. Considerable stress 
was laid on the fact that the scheme generally, as put into operation, 


1 Received July 11, 1936. 
* W. J. Brooke, Journal of the Iron and Steel Institute, 1933, No. IT., p. 15. 
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had tended to produce a much greater regularity of working at the 
blast-furnaces than in the old days when the whole of the coke 
was purchased in the open market. 

With the best-laid plans absolute perfection is rarely, if ever, 
achieved, and naturally there have been times when variations at 
the blast-furnaces have contributed in a greater or lesser degree to 
interruptions in the smooth working of a combined and interlocked 
plant. In the early days, when outputs were somewhat lower 
than they are at the present time, the effect of the coke manufactured 
at the company’s own plant was directly traceable at the blast- 
furnaces day by day, and at an early date it was realised that here 
was the ideal opportunity for carrying out investigations into the 
quality of the coal available for coke making, and, secondly, for 
tracing the variations, daily or otherwise, in the coke manufactured 
upon the immediate working of the blast-furnace plant. 

To this end a special staff has been employed daily in making 
very careful tests on all branches of the coke quality when manu- 
factured, and its resultant relationship to the daily working of the 
furnaces. In this connection one has to acknowledge considerable 
help and assistance derived from the close collaboration of Dr. R. A. 
Mott and Dr. D. F. Marshall, both of whom are actively engaged 
in the operations of the Midland Blast-Furnace Coke Research 
Committee, which have been so ably carried on for many years 
under the control of Professor R. V. Wheeler. 

Kor several months Dr. Marshall spent the whole of his time 
investigating the possibilities of improving the quality of coke 
from the slacks available, and in tracing irregularities through to 
the blast-furnaces. To a large extent the work that has been 
conducted since has been carried on as a continuation and extension 
of the research then commenced. 

Whilst much still remains to be done, it is of interest to note 
that the effect of variations in the quality of coke produced are trace- 
able eventually in the quality of the final steel produced. 

An attempt is made in the ensuing pages, by means of graphs 
and tables, to show the results that have been observable here from 
various experiments made in different directions, and whilst these 
observations are presented with a view to directing specific atten- 
tion to various matters which have always exercised the minds of 
blast-furnacemen, they are not put forward as representing a degree 
of finality, but as points upon which work may be carried on in 
the future. 

From the commencement of operations at the coke-ovens the 
usual daily tests for sulphur, ash, and moisture were made, together 
with shatter tests. Generally speaking, variations—not necessarily 
of a substantial nature—were found to be reflected by changes in 
the manner in which the blast-furnaces were operated, and for a 
considerable time chief stress was laid upon the shatter test as 
an indication of the quality of the coke. Attention has been 


























COKE QUALITY ON BLAST-FURNACE OPERATIONS. 289 P 


drawn to the fact that at certain plants a considerable degree of 
success has been obtained by mixing finely ground breeze with 
the slacks primarily charged into the ovens, and as a result of 
small-scale box tests it was decided to instal a grinding plant to 
enable coke breeze to be returned to the slack. The immediate 
effect observable was a very considerable increase in the shatter test 
of the coke, and a welcome addition to the output from the ovens 
was experienced at the same time, all of which had an important 
bearing on the question of costs. Unfortunately, these beneficial 
results at the ovens were not equally experienced at the blast- 
furnaces, and very soon it was found that something was radically 
wrong. This led to the present system of careful sampling and 
testing of the coke, not only daily but on every shift, and this has 
to a large extent enabled the authors to obtain a certain amount 
of information which it is the purpose of this paper to put before 
the members of the Institute. 


EFFECT OF BLENDING FINELY GROUND COKE BREEZE WITH COKING 
SLACKS. 


As previously mentioned, the authors’ attention having been 
directed to the successful use of finely ground breeze in the manu- 
facture of coke at certain plants, a considerable number of box 
tests were made in order to ascertain the effect of this process on 
the operations at the coke-ovens upon which the authors were 
working. The results are given in Table I. 

In order to carry the system into effect on the large scale a small 
breeze blending plant was put down, consisting of a breeze dryer, 
rod mill, and conveyor. The coke breeze was dried to about 12°, 
of moisture, then crushed in the rod mill and projected in a thin 
stream into the main coal stream at such a point that the coke breeze 
was thoroughly mixed with the coking slack, the proportion of 
coke breeze mixed with the slack being 4%. 

The coke produced was sampled in the normal way, and shatter 
tests showed an immediate improvement, the 1} in. index rising 
from 76-0 to between 79 and 80; on the 3 in. index, however, there 
was a reduction of about half a point. The actual daily shatter 
figures are shown in Fig. 1. From these will be seen the improve- 
ment in the 1} in. shatter index and the decrease in the } in. index. 
It must be noted that the graph of the } in. index is plotted to a larger 
scale in order to show up the variation experienced ; at the time not 
much notice was taken of this slight reduction, but subsequent 
results proved its significance. It was expected that the improve- 
ment in the shatter index would make itself felt on the blast-furnaces, 
with a consequent reduction in fuel consumption. However, for 
some days no response was made by the furnaces to the altered 
coke, and then the reverse to what was anticipated happened, as 
they began to drive badly and frequent slipping occurred. This 
1936—ii U 

















290 P BROOKE, WALSHAW, AND LEE: INFLUENCE OF 


state of affairs got worse until, after about five weeks of breeze 
blending, the experiment was stopped. On going back to the normal, 
slack without the breeze, the coke tests showed that the 14 in. 
shatter index was lowered and the } in. shatter index increased to 
normal, while the furnaces slowly came back to normal regular 
working. 

A close investigation of the coke containing breeze showed that 
it was less resistant to rubbing action than the normal coke; this 
TABLE I.—The Effect of Blending Finely Ground Coke Breeze with 

Coking Slacks—Preliminary Tests. 
Results of box sample tests carried out on various coking slacks mixed with 


the finely ground coke breeze prior to installing the breeze blending 
plant. 


| Shatter Tests, 


Coal Code No. — boapents ae agi aa 5 een 














4in. | 3in. | Qin. lgin. 1 in. $ in. 

Normal coal 
mixture —5% breeze| ... 11-1] 55-9 76-1 90-1 96-4 

| Normal coal 

| mixture —no breeze 3-1 9-1 42-5 72-0 90-9 96-9 
| No. 19 slack—5% breeze 26:5 68-7 82-9 91-0 96:5 
| No. 19 slack—no breeze 12-2 | 56:7 | 781 | 926 | 97-0 
| No. 20 slack—5°% breeze 21-2 62-4 | 80-6 91-0 96-7 
| No. 20 slack—no breeze 8-1 46-0 | 70-6 89-4 97-0 
No. 15 slack—5% breeze| 2-5 16-4 62-0 79-6 91-4 96-6 
| No. 15 slack—no breeze 2:7 | 47-5 74-7 90-9 98-0 
| No. 25 slack—5% breeze! 5-2 | 13-1 | 39:2 | 589 | 79:6 | 94-5 

















No. 25 slack—no breeze vie sie 25-9 58-2 84-9 95-4 | 
| No. 11 slack—5% breeze 7-0 62-0 78-2 91-8 96-4 | 
| No. 11 slack—no breeze ans 4-9 50-0 75:6 91-5 97-4 

No. 18 slack—5% breeze| 29-2 51-9 72-0 80-4 87-9 94-7 

No. 18 slack—no breeze Fs 6-0 52-7 73:0 89-7 96-7 

No. 16 slack—5% breeze| ... 14-5 61-7 80-1 91-4 96-4 
| No. 16 slack—no breeze 2-0 13-7 57-5 78:5 92-7 97-4 

No. 14 slack—5% breeze| 24-2 43-0 67-6 78-4 87-0 94-5 
| No. 14 slack—no breeze | 8-0 | 26:5 | 641 | 74:9 | 84:2 | 93-5 
| No. 21 slack—5% breeze! 5:5 25:4 | 59-1 76-0 87-7 95-2 | 
| No. 21 slack—no breeze | ... 20-1 | 62-9 76:4 89-4 95-7 | 
| No. 6 slack —5°% breeze} 6-7 19-7 66-6 83-2 92-2 96-9 

No. 6 slack —no breeze aes 12-5 59-4 | 79-2 91-7 97-0 











point was followed up, a sample of the breeze-blended coke being 
tested for abrasion in a Cochrane abrasion machine. The results 
obtained showed the material to be very abradable, the abrasion 
index on } in. being 68-4%. 

Some idea of the response made by the blast-furnaces to the 
breeze-blended coke can be seen by the figures given for furnaces 
Nos. 3 and 4 (Tables II. and III.). 

The importance of the abrasion index of the coke having been 
revealed by the breeze blending results, a standard Cochrane 
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abrasion machine was installed so that both shatter and abrasion 
tests could be carried out on the coke. These two tests give a 
measure of the resistance of the coke to breaking by impact and the 
production of fines by rubbing, both important points from a 
blast-furnace point of view. 

With regard to these tests one point showed up quite definitely, 
namely, that coke with a high shatter index might have a low 
abrasion index, and that the reverse might equally well apply, 
i.e., coke with a low shatter index could have a high abrasion 
index. Both these types of coke were considered unsuitable from 
a blast-furnace standard. In order to investigate this, two samples 
of coke were collected over a period from the normal daily run of 
coke, the one consisting of bright hard silvery pieces, and the other 
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Fic. 1.—Effect of Breeze Blending on shatter index of coke. 
being porous, rather dirty-looking coke. Shatter and abrasion 


tests were performed on these two samples, with the following 
results : 


Shatter Indices. Abrasion Index. 
Type of Coke. 2 in. 1} in. 1 in. hin. i in. 
Bright, hard : 41-5 71-4 89-7 97°] 81-1 
Porous, dirty : 64-7 81-4 90-8 96-3 66-0 


These figures illustrate the importance of carrying out both 
shatter and abrasion tests, since they indicate that it is possible 
to make a coke having a high shatter or a high abrasion index, 
which will still not be good blast-furnace coke. Naturally, the 
figures quoted are extreme results, but they point to the inadequacy 
of either the shatter or abrasion tests by themselves under certain 
conditions. 

As a result of these observations on the coke a further abrasion 
test was instituted in addition to the normal test, the idea behind 
this being to indicate the proportion of abradable coke. For this 
test, afterwards called the triangular abrasion test, 90 lb. of coke 
over 2 in. are taken, and, after mixing, approximately 30 lb. from 
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this are tested as a normal sample. From the remaining 60 |b., 
30 Ib. of the best coke from an abrasion standpoint are taken, the 
remaining 30 lb. being regarded as the most abradable coke. In 
this way three samples of coke are obtained which indicate the range 
of abradability of the coke. The more even the coke is, the nearer 
these figures will be together. A typical set of abrasion results 
on the coke investigated are shown in Fig. 2. 

Following the installation of the Cochrane abrasion machine 
the point was raised whether the } in. shatter index gave the same 
indication as the } in. abrasion index. These two tests were there- 
fore compared over a period, and the following figures were ob- 
tained : 


1934, 1935. 

Month: Sept. Oct. Nov. Dec. Jan 

Number of days in agreement 18 13 18 19 18 
Number of days in disagreement 12 18 12 12 13 


These results show that with the coke under consideration the 





} in. shatter index and the } in. abrasion index do not follow one 
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l-in. Abrasion Test Results. 


Fic. 2.—Typical High, Normal, and Low 


another with any regularity as far as small daily variations are 
concerned under works conditions. 

[t will be noted that the above results indicated not only the 
great difficulty in obtaining samples which adequately represented 
the bulk of the coke made, but the still greater difficulty of locating 
small variations from the normal, which, whilst relatively small, 
may nevertheless have an immediate effect upon the blast-furnaces. 


NOTES ON COKE SAMPLING. 


In some cases the plant layout is such that to obtain a true 
sample is extremely difficult, and entails a considerable amount of 
extra work. However, in the case being dealt with, the plant 
lends itself rather readily to good sampling conditions, the sequence 
of operation being as follows : 

The coke after quenching is put on to a sloping wharf, from 
which it is fed on to a belt conveyor. From this conveyor it passes 
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over a gyrex screen, and then by a cross-belt on to the belts which 
feed the blast-furnace bunkers. The fact that the coke is spread 
out into a comparatively thin stream naturally facilitates sampling, 
but even so, several methods had to be tried before one was found 
which gave satisfactory results in the form required. 

First Method of Sampling.—The first method put into regular 
use after preliminary experiments had been made was to hand pick 
a sample as the coke passed on to the cross-belt; this sample 
covered a period of 24 hr., the sampler being instructed to choose 
pieces which were representative of the coke passing. In addition to 
the daily sample a snap sample was also obtained and immediately 
tested to give a quick indication of the coke being produced. 

After this method had been in operation some time it was found 
that the hand picking could lead to the human element entering 
too largely into the operation, in that the sampler would pick pieces 
of coke from the top of the coke stream, and these were often larger 
and more abradable than the average pieces. 

Second Method of Sampling.—A system was then put into force 
whereby a wide-pronged fork was used to obtain the sample, the 
fork being held in position in the stream of coke just long enough 
to be filled. In this way the law of chance was allowed to operate, 
and a sample was obtained consisting of one or two forkfulls of 
coke from each of approximately 75%, of the ovens pushed. 

This seemed to function well until it became desirable to carry 
out shatter and abrasion tests shift by shift. Then, as the shift 
figures began to accumulate, it was found that while the daily and 
weekly averages were satisfactory, yet there was a variation in the 
figures from one shift to the next which did not seem to be indicated 
by the general run of the coke, and which could not be correlated 
with any of the known factors having a bearing on the coke quality. 
A close examination of the conditions prevailing revealed that the 
wide variation from shift to shift was due in a number of cases 
to defective sampling. 

Third Method of Sampling.—As a result of the experience already 
gained the method of sampling was again changed. It was decided 
that it would be better to sample a few ovens per shift in such a way 
that the coke from the oven sampled could definitely be said to be 
representative of that oven, and to take the average of the individual 
ovens sampled as representative of the coke made during the shift. 
This was put into operation, it being found practicable to take a 
sample every two hours, 7.e., from four ovens per shift; the shatter 
and abrasion test operators actually did the sampling themselves 
in the following manner: Two to three hundredweights of coke 
were obtained from each oven tested, in such a way that the sample 
was spread evenly over the whole length of the oven, the coke 
being taken forkfull by forkfull at the point where it leaves the 
gyrex screen to pass on to the cross conveyor belt, the normal time 
taken to discharge an oven from the coke wharf on to the conveyor 
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belt: being approximately 8 min., so that ample time was available 
for the sampling operation. 

One advantage which this system gave was that the variation 
in and coke from oven to oven could be seen. 
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This method is in operation at the present time, and has proved 
to give satisfactory results. The advantage gained b} taking the 
larger and more thorough sample on the few ovens more than 
compensates for the fact “that only one oven is tested out of every 
six pushed. Some idea of the variations in the shatter and abrasion 
tests from shift to shift will be gained from Figs. 3 and 4. These 
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show the results of the test shift by shift for a period of time before 
and after introducing the four-oven-per-shift method of sampling. 
Eventually it may be possible to employ some automatic mechanical 
means of sampling by which small quantities of coke can be taken 
from the conveyor belt at regular intervals of time. If this could 
be put into operation a very real step forward would be made in 
overcoming the difficulties of sampling. 


THE GRADING OF COKING SLACKS. 


Some idea of the necessity for such an investigation, and also of 
the enormous amount of work entailed, can be formed from the 
fact that the normal daily tippage is from twelve to sixteen different 
slacks, and over a week probably twenty varieties will be used. 
‘rom these figures the need for information as to the qualities of 
the various coals will be seen if anything like a uniform slack 
mixture is to be maintained. 

Naturally the good and the poor slacks were known, but until 
some method was found whereby the slacks could be graded, it was 
impossible to obtain a uniform mixture for coking. An attempt 
was made to grade the slacks according to their swelling power, 
the method used being known as the button test, in which | g. of 
the slack is heated in a crucible under standard heating conditions 
for a definite time, the size of the resultant button of coke being 
taken as a measure of its swelling power. For the purposes of the 
test the buttons are divided into six grades, grade 6 being that 
produced by the slacks having the greatest swelling power, whilst 
grade 1 consists of coals having the lowest swelling power. By 
this means it was possible to assess the swelling power of all the 
slacks used. 

Use of this knowledge was made in controlling the slack tippage 
to the coal crushers. The plant consisted of four sets of wagon 
tipplers, each tipping into separate bunkers, the coal from each 
bunker being fed in a thin stream on to the conveyor belt; thus 
the final stream entering the crushers consisted of four layers of 
coal, one from each of the bunkers. The coking slacks were divided 
into four grades according to their swelling power, and as far as 
possible the wagon tippage was arranged so that 


Grade 1 slack was tipped by No. 1 tippler. 


’ , 
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In this way a measure of control is obtained of the slack mixture 
before being crushed. 

Following the button test, information became available of a 
test by which the actual swelling power of the slack could be 
measured and expressed in definite figures. This was known as 
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the Sheffield swelling test,1 by means of which the actual swelling 
index of all the coking slacks could be obtained. One fact emerged 
from these tests, namely, that in some cases it was possible to have 
two slacks from the same colliery, one having a high swelling index, 
the other having a low index. 

Table IV. shows the range of swelling indices of the various 
slacks used. These are the results of tests extending over 12 
months, from fifteen to twenty tests being carried out on each 


TABLE [V.—Results Obtained on Shefficld Tests. 





| 





| Coking Slack | Average Con- Gross Average | Net Average 
| Code No. traction. %. | Expansion. %. Expansion. %,. 
| l 22-2 125-3 103-1 
2 23-3 117-7 94-4 
3 17-6 98-3 | 80-7 
4 26-6 | 104-4 | 77:8 
d 24-6 100-6 76:0 
6 20-0 92-] 72:1 
7 23°] 92-9 | 69-8 
8 19-8 | 15-7 59-9 
9 | 26-8 79-6 | 52-8 
10 | 24-6 73°7 49-1 
1] 20-7 67-4 46-7 
12 | 25-2 | 71:9 46-7 
13 21-9 | 66-8 44-9 
14 22-0 59-8 37-8 
15 22-8 34-4 
| 16 23-1 | 34-2 
| 17 26-9 34:1 
18 22-5 | 19-2 
| 19 | 20-9 19-0 
20 19-3 12-6 
2 18-3 | 6:5 
| 22 | 22-1 2-8 
23 21-7 0-60 
24 23-5 ig 5 
25 23-5 1:8 


coal. It will be seen that towards the bottom of Table IV. the 
difference between the gross expansion and the contraction does 
not give the average net expansion. This is due to the fact that 
on some of the tests these particular coals gave a zero figure, and 
on other tests gave a positive result. Actually, it has been found 
that some coals, particularly those with zero net swelling index, 
have what might be called a negative effect when mixed with other 
slacks, 7.e., the resultant swelling figure for a blend of two coals 
may be considerably below the mathematical average of the 


1 R. G. Davies and R. A. Mott, “ Sheffield Laboratory Coking Test.” 
Fuel in Science and Practice, 1933, vol. 12, pp. 294-303. 
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two individual swelling powers. An instance of this is given 
below : 





Contractior G Net 
%- ixp Expansion. 
X slack 25°7 28-9 
Y slack. ; ‘ , 23°5 Nil 
50% X + 50% Y 24-9 Nil 


The difference between what might be called the calculated and 
the actual swelling index is not so noticeable in the case of strongly 
swelling slacks as with moderate or poor slacks; an example of this 
is revealed in Table VI., giving the fine-grinding experimental 
results. 

The relation between the swelling index and coke quality, as 
made evident by the shatter and abrasion tests, is seen in Fig. 5. 
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These results cover a period of three months when there was a 
minimum of outside factors which could have a disturbing effect 
on the coke. 

Some idea of the success which has attended the work of assessing 
the slack quality can be formed from the consistent results which 
are obtained on the shatter and abrasion tests. From the work 
already done it would seem that this offers a most fruitful field 
for further investigations. 


THE EFFect OF BELT TRANSPORT ON THE COKE. 


To obtain a measure of this, sizing tests were carried out on the 
coke at various points along the conveyor belts. From the point 
where it leaves the gyrex screen up to the last bunkers on the 
system the coke is transported a distance of approximately 560 ft. 
horizontally, with four drops totalling 30 ft. vertically. 

Samples of coke were taken on the cross-belt after the gyrex 
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TaBLE V.—Lffect of Belt Transport on Coke Breakage. 


Percentage of Coke on Screen. | 





| Position. era come Ee Sa ST oe _ 
| 4 in. | 3 in. | 2 in. I}in. | lin. } in. 
Debacvana pr Reece SIE Wie ecrseen rat ie Aa 
| Cross-belt. . .| 38 | 193 | 63-7 | 81-7 | 941 | 99-1 
After Ist vertical drop 2:8 | 17-0 63-6 81:8 94:1 | 98-8 
eee | a ns 1-8 13-2 57-9 78-1 92-5 | 98-4 
os. ore re 1-1 | 10-7 53-6 76-4 91-8 | 98-4 
» 4th * x 0-5 | 68 48-5 73-8 | 91-2 98-2 
After dropping into 
empty bunker ; Rens bs 30-8 60-9 84-6 95-5 





screen, and then after each vertical drop, the equivalent of 
the coke finally falling into the end bunker being obtained by 
dropping some of the sample taken from the last conveyor belt 
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into an empty bunker. This gives the maximum amount of break- 
age which could occur. 

The samples of coke obtained were tested for size over screens 
ranging from 4 in. down to } in., and gave the results shown in 
Table V. (see also Fig. 6). 
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From the figures in Table V. it will be seen that a considerable 
amount of breakage occurs as the coke is transported to the furnaces, 
the amount of breeze below 3} in. being doubled between the gyrex 
screen and the end bunkers. 

As a result of these tests screens were put up in the chute from 
the belts to the bunkers, in order to take out the breeze; the screens 
consisted of a number of parallel bars set to give } in. space, and 
they removed eight-ninths of the 1-8% of coke below $in. The effect 
on the furnace of the removal of the breeze was entirely satisfactory, 
enabling the burden to be increased. 

With regard to coke breakage due to the fall into the furnace 
bunker, this naturally can be very considerably reduced below the 
figures given in Table V. by keeping the bunkers reasonably full. 

The effect of the belt transport on the shatter and abrasion 
indices was investigated. Shatter and abrasion tests were made 
on the coke collected after the gyrex screen, and also on samples 
of the same coke taken before it entered the last bunkers on the 
belt system. 

These yielded the following results : 


Shatter Index. Abrasion Index. 
Sampling Position. 2 in. 1} in. 1 in. } in. } in. 
After gyrex screen ; . 55-7 76°5 90-9 97-0 75+1 
Before the last bunkers . » 62>] 78:8 91-3 96°8 75-9 


From the above figures the point arises that the degree of prior 
handling received by the coke may exert considerable influence 
upon such of the shatter and abrasion tests as may be made sub- 
sequently. 


FINE GRINDING OF COKING SLACKS. 


In order to obtain definite information as to the improvement 
which could be expected in the quality of the coke by crushing the 
slacks to a greater degree of fineness, it was decided to carry out a 
number of fine grinding experiments on a large scale. There was 
available for the work a small rod mill in which the coking slack 
could be crushed, the whole operation being kept separate from 
the normal routine crushing. Since no information was available 
as to the degree of fineness which could be expected from the rod- 
mill crushing, or how the mill would function with coking slacks, 
the first experiments were really more of an exploratory nature 
than anything else. In all, seven tests were made, each test com- 
prising two ovens, one charged with the more finely ground 
slack and the other with the less fine or coarse slack. 

The results obtained in connection with the tests are shown in 
Tables VI. and VII., and are practically self-explanatory. The 
salient points are also shown in Fig. 7. Referring to Table VI., 
the button test is a measure of the swelling power of the slack 
and is graded from 1 to 6, 6 being the best slack. In connection 
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with the Sheffield test it will be noted that two figures are given 
for this, one the calculated figure, which is the mathematical average 
of the swelling power of the individual slacks used, and the other 
being the figure actually obtained from the mixture of the slacks; 
an explanation of this has already been given in the section on the 
grading of coking slacks. 

Referring to Table VII., the shatter test figures are obtained 
with the standard shatter-test apparatus, the coke being given 
four drops, each of 6 ft., the results given being the average of at 
least three tests. 
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TEST NUMBER, 
Fic. 7.—Results of Fine Grinding Tests. 


The abrasion results are obtained with a standard Cochrane 
abrasion drum, the triangular abrasion index being obtained as 
described previously. 

Test No. 1 (see Tables VI. and VII.).—The coking slack used 
for the first attempt was drawn from the storage bunkers, enough 
slack being taken to charge one oven. This was ground in the 
rod mill, and subsequently charged into an oven. At this point 
trouble was experienced in the charging, since the grinding proved 
to be finer than expected, with consequent increased bulk and light- 
ness of the oven charge. However, the quality of the coke pro- 
duced showed a distinct improvement. The test ovens were charged 
in the normal way by means of the spare larry car, and subjected 
to the normal coking conditions, but they were kept separate 
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from the other ovens when tipped on the coke bench for inspection 
and sampling. 

A second attempt was made, this time the number of bars in 
the rod mill being reduced from 120 to 75. Sufficient slack for 
one oven was again taken from the storage bunkers, recrushed in 
the rod mill and coked. Again this coke showed a considerable 


TaBLE VI.—Coal Tests. 


Grinding Results from the Coal as 

















Charged. : Moia-| Button Sheffield 
No. of | = } Test. 
— >, | ture | Test. Weight — r 
Bars | “in Grade of Coal | Coking | _ Net 
| Per- Per- Per- | Per- |in Rod|, . . “ | Time. | Expan- 
ne | - Coal. | of Charged. A 
Test | centage | centage | centage | centage Mill. o/ Button j sion. 
No. | through through | nea throug “ } “ . | %. | 
| fin. | ri in. | fin. | ,, in. 
| | Tons.Cwt.|Hr. Min.| 
| qa) | | | | 
Fine | 100-0 77:0 120 78 ose ooo ee | 14 40] 
Less | | | 
| fine |. 4 1000 | 77-0 75 | 71 0 [Is ASL we 1 
| | 
| (2) ‘ | 23 a ; 
eee oe «=| 943 54:+7 50 | 85 13 11/14 23 Calc. 
Coarse ees ant 77-0 | 8-5 5 13 15 | 14 23 45-2 
| | 
| (3) | 1) Cale. 
Fine 100-0 100-0 88-0 13-5 | 50 | 8&8 | 4 13 8 4 23 28-2 
| | | | | Actual 
Coarse} 97-9 94-0 80-2 | 31:2 | 25 | 10-4 1 13 12] 14 38)) 17:7 
| | | | 
(4) | | | |) Cale 
Fine 97-2 91°3 76-2 31-4 28 | 9-8 4 | 13 8 |} 14 38] 20-0 
} | | | Actual 
Coarse| 95-2 86:3 | 69-2 25:1 | 16 9-4 | { | 13 7114 38 9- 
| 
ne | | 
©) | 
Fine 99-6 | 96:8 87-2 10-6 | 50 | 93 | 4 | 13 4/14 38 |} Cale. | 
| Coarse} 97-4 88-2 70-6 | 27-0 16 | 10-0 | 4 |13 9/14 38/§ 20-0 
| ©) | | | | 1) Cale 
| Fine 98-6 95:3 | 81:3 50-8 | 50 96) 5 13 6 | 14 38] 41-0 
| | | Actual 
Coarse 94-3 86-6 68-9 13-3 16 10-0 5 13 9 14 38 35-6 
| 7 | | | | | | Cale. 
Fine 99-7 98-0 | 89-5 | 64-1 60, 105 | 45 | 13 6 | 14 0 38°5 
| | twice | 
Check | | |through Actual 
Test 99-7 97°6 89-3 | 62-7 | 120 on 10-8 | 4-5 | 15 9/14 O|}) 27-0 
| | | 





improvement in quality, although the crushing was still too fine, 
the weight of coal charged being well below the normal. 

These two oven tests disclosed a number of practical points 
which had to be borne in mind. It seemed advisable to carry out 
the oven tests in pairs, one oven containing finely ground slack, and 
the other less finely ground. It was considered essential that the 
coal base in each pair of tests should be identical, and that all 
conditions should be as nearly as possible the same, the only differ- 
ence being the fineness of grinding. 

Since the normal day’s slack tippage consisted of a considerable 
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number of different coals with different coking qualities, it was 
by no means easy to obtain enough slack for two ovens so that the 
slack was exactly the same for each oven, and was also representa- 
tive of the normal tippage. An attempt to meet these points was 
made in the next test. 

Test No. 2.The coal in this case was obtained over a period 
of several hours by taking it continuously in small quantities from 
two places on the coal conveyor belt which were adjacent to one 
another, the one point providing the slack which was to be put 
through the rod mill for further crushing, the other providing 
the coal which was representative of the normal grinding. 


TaBLE VII.—Coke Tests. 


} 














| Shatter Indices. Abrasion Indices. Riley’s 
Test : aT —— =< Moisture. Wet Oxida- 
No. | | | Triangular Test. % tion Test. 
2in. | Ipin. | lim, | gin, [>-— - oe CO, per 
| jAverage, High.,| Low. 2) hr. Mg. 
fs (a) | | | 
| Fine | 59:6 | 80-3 | 93:5 97-1 an ere ee ee aks 135 
Less fine 61:3 | 83-6 93-8 97-4 nae eke 1 | VoD | 143 
| 
(2) | 
Fine 61-9 81-7 93-5 | 97-8 77-2 | 80-7 | 75-0 76:3 3-5 102 
Coarse 60-8 79-1 915 | 97-4 76-6 | 79-2 | 73-4) 76-6 3d 103 
| | 
, B) | | 
Fine | 64-2 811 92-1 97-6 | 77-9 79-8 | 71-7 75-7 | 4-2 103 
Coarse 60-2 | 77-2 90-4 97:5 | 77-5 | 79-6] 73 | 76-1 | 4-4 106 
| | 
mo) | | | 
| Fine 63-9 | 81:3 92-3 97°7 | 75:7 | 79:0! 72:3) 74-6 3-2 129 
| Coarse 63-2 | 80-3 90-7 97-3. | 75:9 | 77-7] 73-2] 761 | 4-0 125 
| | | | 
©) | | | | | 
Fine 67-1 83-7 93-5 97-2 74:5 | 78-1) 71-1) 75-1 38 | 143 
| Coarse 62-0 80-0 91-6 97-9 74:3 77-7 | 70-3 74:9 | 4-4 147 
| 
|. © | = | 
Fine 62-6 81-4 92-3 98-0 75-9 | 79-2) 71-6] 76:0 | 5:0 128 
Coarse 57-6 78-6 90-4 97-2 76-1 79-8) 72-1] 76-1 | 5:2 | 118 
(7) 
Pine | 61-8 815 | 92-5 97-4 766 | 78-1 72-3 76°7 48 | 105 
64-9 | 80-2 | 91-6 97-1 | 75:2 80-5 | 69-6 74:7 | 4-0) 104 


At the rod mill the number of bars was again reduced, the 
degree of grinding aimed at being about 90°/ through an }-in. mesh. 

Test No. 3.—For this fine grinding test an alteration was made in 
the method of obtaining the slack for the two test ovens, it having 
been found from the previous test that the obtainment of two separate 
lots simultaneously was too complicated. For test No. 3 four 
wagons of slack were selected, and from these wagons slack was 
unloaded into the rod-mill bunker by hand in such a way that 
equal quantities were taken until sufficient for one oven was ob- 
tained. This was crushed in the mill and then charged into an 
oven, the coke being examined and tested as in the previous tests. 
This operation was repeated within the next day or so with 
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the same four wagons of slack, but with a different number of bars 
in the mill to give the required alteration in crushing. In this 
way a definite comparison of the coke could be made, using exactly 
the same slacks, the test being spread over two or three days instead 
of being concentrated into a single day. The four wagons of coking 
slack selected for the tests were representative of the slacks being 
tipped at that time. The tabulated results show an improvement 
in the coke from the finely ground mixture. 

Test No. 4.—In this case the fineness of crushing was reduced 
and the slack mixture was altered slightly. The method of carrying 
out the test was exactly the same as in the previous test. The 
results obtained from the coke show that the shatter test gave 
rather surprisingly high results, although the abrasion index was 
slightly lower; also, the coke from the more finely ground mixture 
did not reveal any marked improvement over that from the coarser 
mixture. 

Test No. 5.—It was decided to repeat the fourth experiment, 
using similar slacks, but increasing the difference between the two 
grades of grinding; these figures are given in Table VII., and show 
that with the greater difference in the grinding the improvement in 
the shatter index is noticeable. It will be seen that the abrasion 
index is lower; this can be accounted for in tests 4 and 5 by the 
fact that the quality of the slack mixture was rather below normal. 

Test No. 6.—This test was undertaken in order to examine the 
effect of fine grinding on a mixture which was rather better from a 
swelling point of view than the previous mixture, and the results 
again reveal that the more finely ground slack gives an increased 
shatter index. 

One point which was shown up by the experiments already 
described was that with fine grinding an appreciably lower output 
of coke was obtained, owing to the fact that the weight of coal 
per oven was less with fine grinding. The point then arose as to 
whether the coking time could be reduced under these conditions, 
say to the extent of obtaining an extra oven per shift, and thus 
counteract the above. 

Test No. 7.—In this experiment the same routine as before was 
carried out, with the exception that the coking time was reduced 
to 14 hr. 

The oven when pushed after 14 hr. coking was slightly more 
smoky than normal, but no difference could be seen in the coke, 
and the tests yielded shatter and abrasion indices similar to previous 
test ovens. As a check on these results this test was repeated, the 
oven again being pushed after 14 hr. This second oven gave 
results which checked the first one, but were not quite as good, 
the coke being rather more green. This was particularly evident 
in the abrasion figure, and could be accounted for by the fact that 
during the period between the coal being fine-ground and charged 
into the oven, a considerable amount of rain fell on the charge. 
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The results obtained in these fine grinding tests showed that an 
improvement could be expected in the shatter index of the coke 
with finer crushing, but the abrasion figure would not be improved. 
Also, that it was reasonable to expect that the coking time could 
be reduced to allow an extra oven per shift. An examination of 
the coke from these ovens revealed the more finely ground coke 
to be more even in size and rather smaller than with coarser grinding. 

Following the test on fine grinding a new crusher was put into 
operation which gave a crushing figure of the order of 83° to 86% 
through } in. with normal slack mixture. As was shown possible 
by the experimental work, the coking time was reduced to allow 
an extra oven to be pushed each shift. This was successfully carried 
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Fic. 8.—Coal Tests before and after new crusher. 


out, the ovens being well coked in the reduced time, the coke 
proving to be more uniform in size than was previously the case, 
and upon examination an appreciable reduction in the pieces of 
pebbly coke was found. In addition the output of the battery 
increased, the extra oven per shift more than compensating for the 
slightly smaller weight of coal which could be charged per oven with 
the new crushing method. On the other hand, there was not the 
improvement in the shatter index of the coke which the experi- 
mental ovens had led the authors to expect. (See Fig. 8.) 

A study of the various factors which could have a bearing on 
this indicated that the most probable cause was that in the case 
of the new bulk fine crushing, the normal daily slack, which con- 
sisted of at least a dozen—generally more—different slacks, was 
being crushed, whereas with the test ovens a mixture of four slacks 
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only was used, and these being very thoroughly mixed. The other 
factor which might have a bearing on this point was that the type 
of crushing in the experimental rod mill might be different from that 
of the new crusher. In order to investigate these points two further 
experiments were carried out. 

Test No. 8.—It was arranged that a day’s run should be made 
on the battery, using only a mixture of four coking slacks, these to 
be similar to the slacks used on the experimental ovens. Prior 
to the test the storage bunker was run as low as possible in order to 


TABLE VIIT.—Test No. 8. 


Coal Tests. 
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42 77-0 97-1 77-9 
25 | 80-5 97:4 77-0 
8 78-1 96-9 75-9 
38 78-4 97-1 77-5 
| 21 fifa 96-9 | 75-9 
4 717-6 97-2 | 17-5 
34 78-7 96-9 77-2 
Average of Tests| 77-9 | 97:1 | 81-0, 73-9 77-1 +0 120 


reduce any mixing of the test slack with the previous day’s normal 
tippage. When ovens which were known to contain all the test slacks 
were being pushed, samples of the coke were taken from these as 
in previous tests. This was continued over two shifts until the test 
mixture no longer held. During the test period every third oven 
was sampled, shatter and abrasion tests being carried out. 

The figures in Table VIII. show an improvement on the 
normal day’s results, and while not being up to the standard of 
the previous fine-grinding test ovens, yet they indicate that the 
mixture of the four slacks offers some explanation for the results 
obtained. 
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Test No. 9.—Following test No. 8 a further experiment was 
made in order to see if the type of crusher had any bearing on the 
matter. Having this in view, four wagons of uncrushed slack were 
set aside during the previous test, one of each of the four coals 
used. From these sufficient slack was shovelled into the rod-mill 
bunker to charge one oven, the mixture consisting of 25°/, of each 
of the four slacks. This was crushed in the rod mill and then 
charged into an oven, the resultant coke being tested as in the 
earlier experimental ovens. These results are given in Table IX. 


TABLE I[X.—Test No. 9. 
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The only difference between these two experiments is the type 
of coal crusher used, although it will be noticed that whilst the 
degree of crushing was intended to be the same, it was actually 
finer with the rod mill. 

Test No. 9 shows only a slight improvement on the first test 
as far as the shatter index of the coke is concerned, indicating 
that this rod-mill type of grinding has little bearing on this 
point. 

A microscopic examination of the products from the two types 
of grinding revealed that in the case of the rod mill the particles of 
coal were of a more rounded nature than with the new crusher. 


CORRELATION OF CoAL—CoKE-BLAST-FURNACE DATA. 


With the development of the various tests on the coking slacks 
and coke, an effort was made to correlate these with the working 
of the furnaces. This is extremely difficult, since it is rarely that 
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conditions vary sufficiently from the normal to be shown up in the 
actual figures. The even working may be regarded to some extent 
as a proot of the value of the control and information given by the 
various tests, which make it possible to put matters right before 
serious trouble is encountered. 

It will be appreciated that a blast-furnace does not usually 
respond to slightly altered conditions for some considerable time, 
and by this time the factors will have again altered. 

Occasionally there is a clear-cut case—for instance, in the 
breeze-blending period it was definitely shown that coke with a 
low abrasion index was bad for the furnace—but such instances 
are few and far between. However, records were kept of the various 
factors in the coal—coke-blast-furnace cycle, most of these being 
from day to day or from shift to shift, and then expressed in 
the form of weekly averages in order to show the various ten- 
dencies. 

A series of weekly figures is depicted in graphical form (Fig. 
9, Plate X LIX.) in connection with one furnace, starting from the 
time just after the furnace was blown in up to the present period, 
covering some 18 months. 

Starting at the bottom curve, i.e., the swelling index of the 
coal used for carbonising, it will be seen that in general there is a 
relationship between the swelling index and the shatter index of 
the coke. In a number of cases this is rather obscured by abnormal 
conditions, such as the addition of some Durham slack, and the 
fact that there is likely to be a time lag between the coal and the 
coke owing to bunker storage, but it definitely exists. 

The second curve gives the degree of grinding of the coking slack, 
the figures used being the percentage through } in. Here it will be 
noticed that the curve shows fairly regular jumps every five to six 
weeks. This is due to the renewal of the crushers, and this periodic 
jump—the result of merely mechanical alteration—is liable to con- 
fuse the relation between the slack quality and the coke quality. 
From the week ending February 22, 1936, the rise in the crushing 
curve is due to the installation of the new hammer crusher, the crush- 
ing being more regular than before. 

The third curve is the 1} in. shatter index of the coke. Covering 
the whole period of time a distinct tendency to increase will be 
noticed. The low place during the month of August is a consequence 
of the shortage of coal supplies which existed at that time. From 
November 18, 1935, until December 8, Durham slack was mixed 
with the normal coking slack; this is shown in the improvement 
of the shatter index of the coke and was felt on the furnaces, the 
fuel consumption being reduced at that period. In the second 
period when Durham slack was used, from January 6 to February 2, 
1936, this was not felt so much, as the period was shorter and the 
percentage used less, and, further, the furnace was below normal 
condition prior to the Durham material being used. 
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The fourth curve gives the } in. abrasion index; it will be 
seen to be fairly steady and has improved over the period shown. 

The fifth curve records the Riley 4 index of the coke. At the time 
it was hoped that this would give an indication of the suitability 
of the coke for the furnaces from a different viewpoint from the 
shatter and abrasion tests. However, the authors were not able 
to correlate this test with any of the known factors, and finally it 
was found that the multiplicity of coking slacks used neutralised 
the value of this figure. 

Curve No. 6 gives the iron make of the furnace. The low output 
during August, 1935, was due to the furnace being eased down for 
repairs; otherwise the furnace shows consistent working. 

Curve No. 7 gives the amount of coke used per ton of iron. In 
a number of cases the rise and fall of the curve from week to week 
is caused by the fact that with a blast-furnace the weekly figure 
is subject to small errors. These mainly follow from the fact that 
a period of one week is not long enough when dealing with a unit 
of the size of a blast-furnace. 

A slight tendency for the curve to rise as the furnace life pro- 
gresses will be noticed, except for the period when Durham slack 
was first mixed with the coking slack, and from the week ending 
February 22, 1936, when the burden was purposely enriched in 
order to save coke. 

Curve No. 8 is that for the ratio of the weight of the charge to 
the weight of the coke. It will be noticed that this curve has a 
tendency to fall. This indicates that the furnace load-carrying 
capacity is slowly falling away. The period towards the end where 
the burden was deliberately changed cannot be compared with the 
normal conditions. 

The temperature of the hot blast to the furnaces taken on the 
weekly averages is given in curve No. 9; this shows very little 
variation. Naturally during the week changes up or down are 
made in order to correct alterations in the analysis of the iron. 

Curves Nos. 10 and 11 show the silicon and sulphur contents 
of the iron produced by the furnace. It will be noticed that the 
sulphur curve is abnormally low during the early period of the 
furnace in blast. This is when the furnace output had not reached 
its normal point. Then towards the end of the curve the sulphur 
has a tendency to decrease, with the exception of the period for the 
week ending March 14, 1936, when there is a sudden increase. 
This rise was due to using some ore which was unsuitable. 

Generally speaking, the more stringent the iron specification 
the higher is the fuel consumption. This point must be remembered 
when comparing conditions over a considerable period of time, 
as any improvements in coke quality may be more than neutralised 
by the more rigid metal specification. 


1 Wet oxidation test on carbon as published by Professor Riley in con- 
nection with work done under the Northern Coke Research Committee. 
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Curve No. 12 shows the variation in the ratio of lime to silica 
in the blast-furnace slag, and gives a measure of the slag quality. 

These curves will give some idea of the difficulties which exist 
in correlating blast-furnace conditions with coke quality. To 
obtain anything like stable conditions and then to be able to alter 
just one salient factor is very rarely possible. However, by keeping 
records and by noting the various alterations which occur from time 
to time, the true significance of the various points which emerge 
can be realised. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf on Monday, September 21, 1936. 


Professor Dr.-Ing. M. PascuKe (Clausthal, Germany) said that 
he wished to make some observations, from the point of view of 
the German coking and blast-furnace plants, on the very remark- 
able paper by Mr. Brooke and his collaborators, which constituted 
an important contribution to the previous knowledge of the sub- 
ject. Finely ground coke breeze had in Germany, also, in many 
cases been mixed with coking slacks in order to improve the quality 
of the coke. The best-known tests were made several years ago 
by A. Killing and W. Elbert.1. According to their coking capacity, 
the Westphalian coking coals could be mixed with varying quan- 
tities of coke breeze, the ratio being in direct proportion to the 
coking index. The most important point was, however, that the 
coke breeze should be finely ground and in a suitably splintered 
state. Breeze particles which were not ground would impair the 
quality of the coke. After prolonged tests, it had been decided 
to grind the coke breeze between rolls in order to ensure a product 
which would meet all requirements. The breeze addition to the 
coking slack had been increased from 3-3°%, to 45%, as a result 
of which a coke was produced in which the percentage of large 
pieces was slightly greater than in that from the usual coal blends 
without added breeze. It was also ascertained that the coke pro- 
duced with the addition of breeze was more compact and less 
fissured. In this case neither a notable increase of the sulphur 
and ash content of the coke, nor an increase of the breeze occurred. 
The percentage of lean coal in the coal mixture could be decreased 
by the addition of breeze, which strongly reduced or prevented the 
expansion of the coal. This resulted in advantages in operation. 

The shatter test mentioned by the authors was not used in 
Germany. For this reason a direct comparison of the strengths 
of the cokes produced in England and in Germany by the addition 
of breeze was not possible. 

The trommel test, which was in general use in Germany, showed 
that the percentage of coke pieces larger than 40 mm. became 
slightly greater with the addition of breeze; the percentage of 
fine coke between 0 mm. and 10 mm. was, however, also somewhat 
greater. 

By means of further practical measures, it had been possible 
to improve the results even further and, for instance, to increase 
by 10 points the value expressed by the “ Ilseder ”’ number, 7.e., 
the percentage of coke over 60 mm. minus the percentage below 
40 mm. 


“é 


1 Gliickauf, 1934, vol. 70, Feb. 17, pp. 162-164. 
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It was well known that the transport equipment had a con- 
siderable influence on the condition of the coke, but, so far as he 
was aware, this had not been investigated in Germany so inten- 
sively as it had been by the authors. The utmost was, however, 
done to avoid anything which might cause the breakage of the coke. 
For this reason many plants conveyed the coke directly from the 
screening installation to the charging skips, or railway trucks were 
used with special coke containers which protected the coke during 
discharge into the storage bunkers. Skip transport was also used. 
frequently in German blast-furnace plants, which, of course, pre- 
supposed a strong coke; large quantities of coke were still trans- 
ported in ordinary open trucks, thus frequently producing much 
coke breeze. 

Some works screened the coke once more before using it in the 
blast-furnace, while others immediately loaded the coke into the 
charging skips and disregarded the breeze. In this connection, 
blast-furnace plants which produced foundry pig iron must be 
mentioned; here, however, no trouble had arisen in the working 
of the furnaces which could be attributed to the coke; this was 
probably the case because with the increased silicon reduction the 
coke/ore ratio was greater than that, for instance, for basic Bessemer 
pig iron. The coke not only provided fuel, but was also a means 
of opening up the material. 

As the authors also had correctly stated, it was very difficult 
to determine a direct relationship between the quality of the coke 
and the working of the blast-furnace, more especially when the 
improvements in quality obtained in the coking plant were very 
slight when expressed in figures. In contrast with these figures, 
an influence of the varying ore and coke humidity, and especially 
of the condition of the ores and their dressing, would be noticeable 
in the operation of the blast-furnace. 

It was a fact that graded burdening and control of the passage 
of the gas through the burden provided means for the better control 
of the blast-furnace than was possible by the quality of the coke 
alone. 

He would welcome it if the authors’ investigation could be 
continued for blast-furnace operation upon the lines indicated, and 
if the results could be reported in due course. 





This paper was also presented for discussion at the Additional Meeting 
held in London on Thursday, October 29, 1936. 


Mr. W. J. Brooke first presented the paper. Mr. H. R. B. 
WaALSHAW, who also introduced it, thanked Mr. Brooke and his 
Company for providing the money to enable the work described to 
be carried out. He added that he would like to elaborate a little 
what was said in the paper on the subject of the triangular abrasion 
test. The reason for starting that test was that, whilst the average 
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abrasion test results were considered reasonable, from the appear- 
ance of the coke and the way in which the furnaces were working 
there appeared to be something wrong somewhere. The coke did 
not look as good as the abrasion test seemed to indicate. On 
examination it was found that there was a large proportion of 
rather fuzzy-looking coke, and to arrive at that amount and its 
value the authors devised the triangular abrasion test, to which 
they attached great importance. They had tested South Wales 
and Durham cokes in that way, and found that there was very 
little difference in the three tests on good cokes of that description. 
Between South Yorkshire cokes, however, there was a wide varia- 
tion, and those variations could be wider than were shown in the 
paper. The abrasion index could be as low as 70 and as high as 
80, with 76 as the normal. 

The authors were not satisfied with the results following fine 
grinding; they did not get the increased shatter test results which 
they had expected. The coke from the experimental ovens was 
very good indeed, both to look at and on test, but the general run 
of the coke afterwards showed very little if any improvement. 
He thought that was largely due to the wide range of abradability 
of the coke. 


Mr. E. C. Evans (London) said the authors had submitted one 
of the best papers on coke technology that he had had the oppor- 
tunity of reading. He was particularly gratified that they had 
paid such a handsome tribute to the initial work of the officers of 
the Midland Blast-Furnace Coke Research Committee. He thought 
that Mr. Henderson would agree that the Iron and Steel Industrial 
Research Council at the outset, in determining its policy and that 
of its technical committees, was of opinion that all that the tech- 
nical research officers could do would be to initiate technical 
research, leaving the works themselves to carry it out once the 
initial steps had been taken. 

This had been a long and costly piece of technical investigation, 
but he thought the results to Mr. Brooke and his Company had 
justified the expenditure. 

He used the word “research” advisedly. There was some 
difference of opinion as to what “‘ research’? meant, but personally 
he thought that work of the kind in question, proceeding from 
the known to the unknown, was, despite the fact that thousands of 
tons of material and not milligrammes were being dealt with, as 
much research as a laboratory investigation where all the factors 
were kept constant and the variables altered one by one. 

There were three points on which he would like to touch, and 
he would take them in the reverse order to that in which they 
were dealt with in the paper. The first was the correlation of 
tests on coke with blast-furnace practice, a problem of extreme 
difficulty. He thought the authors were to be congratulated on 
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the degree of co-ordination which they had obtained. It was 
quite easy to link up the results of blast-furnace operation with 
coke quality when one was dealing with extremes. In one case 
which he and Professor Riley had investigated recently, using two 
entirely different cokes in tests extending over a month, it was 
possible to show that with a good coke as compared with a bad 
coke the furnace output increased by over 30%, whilst the fuel 
consumption decreased by over 11%. In the authors’ case, how- 
ever, where they were dealing with coke which was not so variable, 
it was an extremely difficult matter, and they were to be con- 
gratulated on the success which they had achieved. 

In that connection, there was one suggestion which he would 
like to make. The authors had mentioned a number of what 
might be called indicators of blast-furnace operation—output, coke 
consumption, character of slag, degree of slipping and so on. The 
most sensitive indicator of a blast-furnace of which he was aware, 
however, was the volume of hot blast—not the cold blast—and 
possibly the most useful piece of apparatus which he had seen was 
installed at one of the British works at his suggestion some years 
ago—a differential pressure-gauge put across an orifice or restric- 
tion in the hot-blast main. It gave indications of alterations in 
the furnace conditions hours before those indications were observed 
in the slag. He would like to see such an instrument installed in 
connection with the trials, which he hoped would be continued, at 
the Normanby Park Works. 

The authors had shown clearly that as yet there was no single 
test available which could determine the blast-furnace value of a 
coke. Abradability, the Riley test, the shatter index and so on 
were all useful, but they told only a small part of the story. Despite 
the fact that coke research committees had been working on this 
problem for over ten years, it was still far from possible to deter- 
mine quantitatively in the laboratory the blast-furnace value of 
coke, and there was still room for further research in that direction. 

The last point which he would like to make, which was perhaps 
complementary to his opening remarks, was this. The authors 
were dealing with a very large variety of coals. (Incidentally, he 
was glad to know that they had found the Sheffield swelling test 
of such use; it was a very useful test.) The coals which they were 
using varied widely in the degree of swelling. They came into the 
works in irregular quantities, and the authors were faced with 
producing from this wide variety of coals a coke of the uniform 
quality that was required in blast-furnace operation. The paper 
described years of work and the attempts which had been made 
to obtain that uniformity. A point to be noted, however, was 
that the work which had been done was very largely empirical. 
Very little was known of the fundamental constituents of coal 
which determined its coking properties. If the authors had been 
able to give the ultimate analyses of the coals they used it would 
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have provided some information, but he did not know how much. 
Very little was known about the organic groupings which deter- 
mined the properties of a coal from its coking standpoint, and 
there was room for a very great deal of fundamental work in that 
direction. 

The coking coals of Britain were our greatest national asset, 
and it was a fact that the best coals were diminishing. Other 
markets were competing with the iron and steel industry for the 
coke supplies of the country. One of the greatest of our national 
problems, if the industry was to survive, was to extend the range 
of our coking coals. That problem, he suggested, could be tackled 
only by fundamental means. It was one which had to be faced. 
It bristled with complexities, but until it was solved the iron and 
steel industry would be faced with ever-increasing difficulty with 
regard to the supplies of its most important raw material. 


Mr. F. BarnsrinGe (Saltburn-by-the-Sea) said that at Skinnin- 
grove a number of years ago, where they used all Durham coking 
slack, they set out to grind the coal considerably finer than the 
old Carr crusher was doing at that time, and they obtained definite 
benefit from the finer grinding. They then went so far as to grind 
coal for two separate ovens, the whole of it being less than 7,-in., 
and again they found that their coke was definitely denser, though 
they did not do any abrasion tests on it, so that he had no figures 
on that. The shatter test was definitely improved, and so far as 
Durham coal was concerned they were satisfied that the finer 
grinding was beneficial and that denser coke was obtained. 


Dr. W. H. Hartrreip, F.R.S. (Vice-President, Sheffield). con- 
gratulated the authors very warmly on their paper, which seemed 
to be exactly the practical kind of paper which the Institute wanted 
and about which there had been so much talk. It was very generous 
of the Company of which Mr. Brooke was Managing Director to 
give so freely such a mass of practical work. 

There was one practical point which he would like to mention. 
The authors said that the nature of the coke was traceable in the 
quality of the steel produced, but they did not amplify that. In 
the technical committees of the Federation, as Mr. Brooke might 
be aware, this question had been brought to the fore to some extent 
recently, and the Ingot Committee and the Open-Hearth Committee 
had been charged with the task, on behalf of those interested, of 
endeavouring to trace any effects in the quality of the steel pro- 
duced. It would greatly assist those who were interested in this 
problem if the authors could be a little more precise as to what 
they meant by the “ quality of the steel produced.” Were they 
referring to composition—sulphur content and so on—or were they 
referring to the nature of the heterogeneity, the tout ensemble of 
effects produced in the final structure of the ingot, or were they 
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referring to the gas content? It was true to say at the moment 
that there was an undefined, almost inarticulate impression amongst 
the steel-producing people to the effect that variations in the pig iron 
affected the quality of the steel, but until it was possible to get 
down to fundamentals by a definite characterisation of what those 
differences were it was not possible to proceed with an endeavour 
to elucidate the matter. If the authors could be a little more 
definite on that point he would be very much obliged to them. 


Mr. JAMES HENDERSON (Hon. Treasurer, London) said he could 
not allow the opportunity to pass without adding his tribute of 
thanks and praise to Mr. Brooke and his collaborators for pre- 
senting the paper and for all the work that lay behind it. He 
did not think there were any works in the country which were 
better equipped for the pursuance of an investigation of the kind 
in question than those at Normanby Park, not merely by reason 
of the physical layout of the works, which was almost ideal, but 
because of the spirit and ability of the staff, including the Managing 
Director. The members greatly appreciated the work which they 
had done, and naturally hoped that they would be good enough 
to present in due course a further account of the results of their 
labours. 

As an old North Lincolnshire worker, he appreciated to the full 
the improvement which had been effected in the blast-furnace 
working at the Normanby Park Works. There had been furnaces 
in that district which quite commonly consumed more than 30 ewt. 
of coke per ton of pig iron, and that not so very many years ago, 
so that the figures given in the paper represented an enormous 
improvement. He felt sure the authors would not misunderstand 
him, however, when he said that there was still a long way to go 
before one approached anything like ideal figures, or indeed the 
figures that were obtained, as was well known, in Germany and in 
America. He said that having regard to the fact that the ore 
in North Lincolnshire was very poor. Although, as he had said, 
Lincolnshire had therefore still a long way to go, great progress 
had been made at these and at other works in the same district. 


The PRESIDENT (SiR HAROLD CARPENTER, F.R.S.) congratulated 
the authors on the way in which their paper had been received. 
He would like to emphasise Mr. Evans’s remark that ultimately the 
problem went back to a knowledge of the constitution of coal, and 
in that regard he would suggest to the younger members of the 
Institute that there was still a great field for investigation there. 
It was not entirely unexplored, because valuable work had been 
carried out for some years by Professor Bone and had been more 
recently undertaken by Professor Riley. He hoped, however, that 
the work of these men would be added to by younger investigators. 
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CORRESPONDENCE. 


Dr. H. O’Netut (Derby) wrote that the attempts of the authors 
to obtain correlations between blast-furnace behaviour and coke 
quality had presented, as they said, considerable difficulties. The 
London, Midland and Scottish Railway Research Department, 
in collaboration with the British Cast Iron Research Association, 
had recently completed some work on the testing of foundry 
cokes. Fourteen different unblended brands were tried in a stand- 
ardised foundry cupola, and extensive laboratory tests were also 
made upon them. Within the narrow limits of the trials, it was 
found that none of the laboratory tests was particularly useful as 
a guide to the melting merits of the cokes, perhaps because it tran- 
spired that the cokes were mostly good ones and the maximum 
and minimum melting temperatures obtained differed by only 
about 5%. The shatter index proved to be the only laboratory 
test to offer any promise for general specification purposes, but if 
the cokes were divided into groups of their individual coal-fields, 
then many of the tests showed progressive changes which corres- 
ponded with each other and with the metal temperature obtained 
in the foundry. Thus, a series of Durham cokes giving decreasing 
metal temperatures showed corresponding decreases in the wet 
oxidation test, the Ry; and (R,;-Ryy) reactivity values and the 
CO/CO, ratio of the combustibility test. 

It seemed possible that there would be some hope of using 
laboratory tests for acceptance purposes if these were applied 
appropriately to cokes from particular coal-fields. 

They had also carried out studies of the macrostructure and 
microstructure of these same cokes, together with a few com- 
pression and abrasion tests, and amongst some interesting observa- 
tions he could confirm that the abrasion property was independent 
of the shatter index. It was hoped that some of the work would be 
published in the near future. 


Professor R. V. WHEELER (Sheffield) wrote that this paper 
presented a record of research of the greatest value and was the 
more noteworthy because of the complexity of the problem studied. 
At the outset, one could not but be impressed by the satisfactory 
quality of the coke eventually produced from, in general, inferior 
coals. It was a great achievement to have limited the consumption 
of coke made from such coals to about 27 cwt. per ton of pig iron, 
with an average output of 1,700 tons per week per furnace. 

The blending of coke breeze at the coke-ovens was a bold 
experiment, for the work of the Midland Coke Research Committee 
had shown that, for the addition of coke breeze to be advantageous, 
the coals coked should have a fairly high swelling power (80% or 
more gross expansion); whereas, from the values given in Table IX. 
in the paper, most of the coals available were of low swelling power, 
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and the average value for the mixture of coals coked, as indicated 
in Fig. 9, was only about 60% (40% net expansion). The adverse 
effect of the addition of coke breeze to the coals coked, as experienced 
by the authors, should not be regarded as a general condemnation 
of this often highly desirable practice. 

The authors rightly pointed out (p. 309P) that a blast-furnace 
did not usually respond to slightly altered conditions for some 
considerable time. Indeed, it would appear that a major change 
in the conditions might take some time to influence the furnace ; 
for example, according to Table III., relating to No. 4 furnace, but 
little change either in the consumption of coke or in the make of 
iron was observed until after a week’s use of breeze-blended coke. 
For this reason alone, the work described by the authors was difficult 
and laborious. Nevertheless, it was to be hoped that the un- 
doubted success that they had achieved would encourage them to 
continue and induce others to emulate them. 


Dr. R. A. Mort (Sheffield) wrote that this paper was particularly 
welcome in indicating the value of intensive investigation of coke 
problems at blast-furnace plants using coke which was below the 
average in quality, and it was to be hoped that it would serve as an 
incentive to the management at other blast-furnace plants, faced 
with similar problems, to work on similar lines, in co-operation with 
the Coke Research Committees. 

Statistical analysis showed that the percentage of iron made in 
the Midlands was increasing at the expense of production on the 
North-East Coast. A need for a greater production of coke in the 
Midlands would require the use of coals of poorer coking quality, 
and the use of these coals brought special problems, as the authors 
showed. 


TaBLE A.—Effect of Blending 3% of Coke Dust 
with Coals of Low Rank. 
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Carbon Content of Coke— 

of Bright Coal | 

(Unit Coal Basis). | Tp | 

Bright Coal.| Slack, 1} in. | tin, | 

| Slack VI. | 846 84 46 84-0 | 97-5 | 

| With 3% of coke dust. | 87-2 97-6 | 
Slack VIII. 84-4 76 49 74-9 98-1 
With 3° of coke dust. | 83-1 | 97-8 

Slack VII. 83-8 63 38 82-1 | 97-4 | 
With 3° of coke dust. 84-6 96-4 
Slack V., 60° plus | 83-5 55 ? 77-9 97-2 

VIII., 40%. | 

With 3% of coke dust. | 82-6 96-5 
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The best coking coals of South Yorkshire, which were of strong 
swelling power, did not yield an abradable coke, but it had long been 
recognised that the 1} in. shatter index was not a significant index 
of the physical quality of a coke which was abradable, the idea being 
expressed in a paper by the writer in 1930,1 in which it was also 
suggested that a blast-furnace coke should have a } in. shatter index 
exceeding 97-0, a lower value indicating an abradable coke. ‘The 
authors confirmed this deduction, for, during the period of breeze 
blending, the } in. shatter index of the coke was about 96-2 (Fig. 1). 

Although coals of low swelling power were the most likely to give 
an abradable coke, recent work had shown that it was the swelling 
power (gross) of the bright coal which was the more significant index 
of coal quality, for durain, which reduced the swelling power when 
added to bright coal, improved the quality of the coke if it was finely 
ground. Recent tests on slacks from the Barnsley seam, to which 
3% of fine coke dust was added, gave the results recorded in Table A. 

Where the carbon content of the bright coal exceeded 84% and 
its swelling power (gross) exceeded 75, the } in. shatter indices were 
but little affected, but for the two coals of lower rank and swelling 
power, the reduction of the } in. shatter index on adding coke dust 
was appreciable and the cokes would, no doubt, be too abradable 
for satisfactory use in blast-furnaces. 

Although the 4 in. shatter index could be used as a measure of 
the abradability of a coke, small changes might be so critical that a 
more drastic test appeared to be desirable for works testing. The 
Cochrane test gave a range about 5 times as wide as the } in. shatter 
index, and was, therefore, more generally suitable. 


Dr. W. Buscu (Duisburg-Hamborn, Germany) wrote that, as a 
coke expert in constant and close collaboration with a number of 
large blast-furnace plants belonging to the August-Thyssen Hiitte, 
he wished to begin by commenting on the usefulness of adding coke 
breeze to coke and say that the coking coal must be able to stand 
such an addition of lean material. By this he meant to imply that 
a coking-coal blend consisting of fat coal or of fat coal with a per- 
missible admixture of long-flame gas coal could only be improved 
for the production of a good blast-furnace coke by the addition of 
coke breeze. On the other hand, the addition of ground coke 
breeze to a blend of lean coking coal was not generally to be 
recommended. 

Regarding the constitution and the quantity of the added coke 
breeze, it was to be noted that the coke breeze should be ground 
as finely as possible and that the added quantity should be kept 
between about 3% and 5%. In each of the Hamborn central 
coking plants, Friedrich Thyssen 3/7 and Friedrich Thyssen 4/8, 
there was a coke breeze drying and grinding plant constructed by 

1 «The Hardness, Abradability, and Reactivity of Coke,”’ Fuel, 1933, vol. 
19, p. 406. 
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Bittner in Uerdingen, with a daily output of 225 tons of ground 
coke breeze, one of which had been in continuous operation for 
about a year. In these plants the coke breeze was first of all dried 
from an average humidity of 15% to 24% and then ground in a 
ball mill to such a fineness that at least 85°/ had a grain size of 
less than 0-5 mm. and 95% a grain size below 2mm. ‘The addition 
of the ground coke breeze to the coking coal was effected by a 
special device, which ensured that variations in the quantity of the 
admixture were absolutely eliminated. 

In conclusion, he would say that, jointly with the blast-furnace 
plants in their practical operations, it had been ascertained that 
the coke from both coking plants had been considerably hardened 
by the addition of coke breeze, and that a deterioration of the 
working of the blast-furnace and a higher coke consumption could 
in no case be observed, which fact differed from the results obtained 
by the authors. It was thus a fact that, in the case of his com- 
pany’s coal and method of operation, the addition of coke breeze 
produced only favourable results both for the coking plants and 
for the blast-furnaces. 





AUTHORS’ REPLY. 


Mr. W. J. Brooke, in reply, expressed his thanks for the very 
kind way in which the paper had been received and for the expressions 
of appreciation which had been made. He agreed with Mr. Evans 
that a great deal had yet to be done in co-ordinating results still 
further. Mr. Evans was quite correct when he referred to the 
enormous variety of coals which had to be used. In North Lincoln- 
shire they naturally drew their supplies from South Yorkshire. 
They were not directly connected with a colliery, and the result was 
that they purchased their coals almost entirely in the open market, 
and for many reasons it became necessary for them to draw their 
supplies from a very extended area and a very large number of 
sources. He thought he was right in saying that they were actually 
purchasing from about twenty-two different collieries. Naturally 
the variations between one and another, particularly in a coal-field 
such as Yorkshire, were bound to be considerable. They were using 
coals to-day with which, by themselves, it would be quite impossible 
to make a decent coke, but which by judicious blending with other 
coals could be used. That was possibly one of the reasons why they 
had not been quite so successful with fine grinding as in the instance 
at Skinningrove to which Mr. Bainbridge referred. It was probable 
that with a good coking coal such as that of Durham excellent 
results would be obtained. In the case of Yorkshire coals, it was 
possible that it was the worst coals which required to be crushed 
fine, or, on the other hand, it might be that it was the best coals 
which should be so treated. There was a tremendous amount of 
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work to be done in that direction, more particularly with coals which 
varied so much as was the case in Yorkshire. 

Mr. Evans touched on an extremely important point—and one 
which he himself had been emphasising wherever he could during 
the last two or three years, and particularly during the last eighteen 
months—namely, that from a national standpoint we were wasting 
valuable national assets which some day or other were going to be of 
the greatest importance to the steel industry. He was strongly of 
that opinion, and he believed that unless we were very careful we 
should wake up one day and find that it was too late. He referred 
to the fact that, owing to the difficulties connected with the iron 
and steel industry of late years, the coking industry found itself 
without a ready market for its coke, and naturally it began to look 
round for some alternative market. For various reasons, blast- 
furnace coke became more and more usable. People found that they 
could use it with great advantage to a greater extent than had been 
thought possible before, with the result that to-day considerably 
more than half of all the coke which was made nominally for metal- 
lurgical purposes in South and West Yorkshire was being used for 
such purposes as central heating and horticultural and other require- 
ments. In the winter, blast-furnace works were experiencing the 
very greatest difficulty in obtaining that coke. It might be said 
that if others would pay more, the blast-furnace works must do the 
same, but that was not quite the point. The point was that the 
available quantity of coking coals as a whole in Britain was grad- 
ually becoming less and less, and the tendency if anything was for 
their quality to become rather worse. There was, however, plenty 
of good coal that would make coke which was perfectly satisfactory 
for domestic heating, and in fact was probably better than blast- 
furnace coke. If some arrangement between the iron and steel 
industry and the coal industry could be devised whereby there would 
be some rearrangement of the uses to which the various classes of 
coal were put, it would be entirely to the benefit of the nation as a 
whole, quite apart from the private interests of the iron and steel 
manufacturers. He had voiced that view on several occasions, and 
he was very glad that Mr. Evans had given him the opportunity 
of expressing it again, because he felt sure that it was on some such 
lines that one day the nation would have to move. He only hoped 
that when such a movement was made it would not be too late. 

He wished it were possible to give Dr. Hatfield some more 
specific information than was given in the paper. As far as could be 
seen, the indications were that it was not necessarily the case that the 
influence of the coke on the pig iron was expressed in the ultimate 
analysis of the steel. That was not the way in which the expression 
was found. They had found—to give a small practical experience— 
that in their endeavours to make steel with 0-02° or even less of 
sulphur, occasionally the charge in the furnace would open out; 
it would not be particularly high in sulphur, but there would be the 
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very greatest difficulty in getting that sulphur to drop. It was very 
difficult to say why. The rest of the bath seemed to be quite in 
order. The analysis of the slag appeared to be satisfactory, but 
there was the greatest difficulty in getting the sulphur content down. 
If after considerable efforts some degree of purification was achieved, 
it was very often found that the steel did not roll well. There seemed 
to be certain physical defects which could not be quite expressed in 
figures, but they were shown eventually in the final use to which the 
steel had to be put. It was chiefly in the eventual physical proper- 
ties of the steel that the trouble was shown. They had not yet gone 
very far into the question of gases, and possibly there might be some 
effect there. Taking rimming steel, one would sometimes find 
rather a difference in the distribution of the blow-holes in steel under 
these conditions as compared with steel made under more normal 
conditions. 

As far as they had gone at the moment, they could say that they 
knew enough to realise that they had a great deal of work to do. 
He sincerely hoped that sooner or later they would be able to have 
the assistance of the Committee on the Heterogeneity of Steel 
Ingots in obtaining an indication of the lines along which progress 
might be sought. Whether that Committee would have to tell 
them or they would have to tell the Committee he was not sure at 
the moment, but no doubt collaboration between them would be 
most helpful. 

He agreed with Mr. Henderson that Lincolnshire had still a long 
way to go. He appreciated very much Mr. Henderson’s kind 
reference to the fact that a good deal had already been done. A 
good deal had been done not only by his own Company but by others 
in North Lincolnshire. The firm of which until recently Mr. Hender- 
son was Managing Director had taken a very big share in the advance 
which Lincolnshire had made. Generally speaking, they tried to 
work together to a certain extent by the interchange of information, 
and mutual help had contributed something to the progress which 
had occurred. At the same time, the present paper was an indication 
of the fact that they realised how much more research was necessary, 
and of the effort which was being made to make up the leeway. 


In a further written reply, the AuTHoRS agreed with Professor 
Paschke that when blending breeze with coking slack it was essential 
that the breeze should be finely ground ; in the case cited the breeze 
was ground in a ball and rod mill, giving a final figure of 96-0% 
through 4;-in. sieve. 

Professor Paschke mentioned that factors other than the coke 
might have a considerable bearing on blast-furnace working ; in this 
connection the authors had had experience of putting an ore crushing 
plant into operation, the result being that the blast-furnaces gave a 
marked response to the crushed ore and worked more evenly, and a 
considerable saving in coke followed. 
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In addition to the points covered by the verbal reply to Mr. 
Evans, it was interesting to note that in connection with the measure- 
ment of the hot blast supplied to the furnace, which Mr. Evans had 
found so sensitive for indicating any change in furnace working, it 
was the usual practice at the works with which the authors were 
connected to measure and record the volume of gas made by the 
furnace, which to all intents and purposes was directly proportional 
to the amount of hot blast supplied to the furnace. The quantity 
of gas was recorded on a chart which could readily be seen by the 
furnace operators, and it was to this chart that they immediately 
turned when any alteration in the furnace working was suspected. 
The volume of gas made gave the quickest indication of any alter- 
ation in the rate of driving. 

The authors agreed that the tests which existed for assessing the 
quality of the coke did not give a complete story, and that, 
particularly in the case of the poor-quality slacks, there was a 
definite need for some further test, probably more of a chemical than 
of a physical nature, which could be carried out on the works to 
indicate the suitability or otherwise of the coke for blast-furnace 
work. 

With reference to the necessity for carrying out work on the 
fundamental properties of the coal from its coking standpoint, it 
had already been stated that, on the works mentioned, a considerable 
number of coking slacks were used, and it was becoming more and 
more evident that an investigation into their fundamental properties 
was necessary before the maximum advantage could be obtained 
from blending the various coking slacks. 

The authors were interested to note Professor Wheeler’s com- 
munication on the swelling index of slacks, and that it was not 
advisable to blend breeze with a slack mixture having a low swelling 
index. Unfortunately, at the time when these breeze blending 
experiments were carried out they had not as much information on 
the swelling properties of the slacks as they had now, but, from 
information obtained since these experiments, they agreed with 
Professor Wheeler that there was a limit to the quality and swelling 
index of the slacks, below which it was not advisable to blend 
breeze if coke suitable for blast-furnace work was to be pro- 
duced. 

Dr. Mott, in his communication, gave some interesting figures 
in connection with the blending of 3°, of coke dust with coals of low 
rank. 

In connection with the }-in. shatter index and its relation to the 
abrasion index of the coke, the authors agreed that one of the chief 
points in using the Cochrane abrasion test in preference to the shatter 
test was that the former gave a much wider range than the }-in. 
shatter index; thus, where a major alteration took place in the 
abrasion index of the coke, the }-in. shatter index would show this, 
but where small day-to-day alterations were taking place, the 
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alteration which was shown by the Cochrane abrasion index might 
not be revealed by the }-in. shatter index. 

In reply to Dr. Busch, the authors noted that in his experience 
coke-breeze blending in all cases improved the coke for blast-furnace 
work. They were of the opinion that the reason why this was not 
their experience was that they were blending breeze with a slack 
which was already of a low coking quality. If this slack had been 
of better quality then they would have obtained the improved shatter 
index, and at the same time the abrasion, although possibly some- 
what reduced, would not have been brought down to the level where 
it seriously affected the working of the furnaces. 
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APPENDIX 1.-—EXPERIMENTS ON THE EFFECT OF GASES ON CasT IRON. 
APPENDIX 2.—THE FREEZING PoInts or ITRON-CARBON-SILICON EvUTECTIC 


ALLOYS. 


By A. L. NORBURY, D.Sc., anp E. MORGAN, M.Sc. 
(British Cast TRON RESEARCH ASSOCIATION, BIRMINGHAM). 


SUMMARY. 


The investigation deals with the problem that the graphite size 
and properties of grey cast irons made from different pig irons, or 
made under different melting conditions, can vary widely from 
some cause not explained by chemical analysis, &c. In Part I. 
experiments were made on small }-lb. crucible melts of grey cast 
iron to see if gases or non-metallic inclusions in the metal were the 
cause. These led up to the observation that dissolving 0-1% to 
0-2% of titanium and bubbling carbon dioxide gas through the melt 
completely refined the graphite structure of all hypo-eutectic grey 
cast irons. Bubbling hydrogen through melts treated in this way 
coarsened the graphite structure completely. The titanium con- 
tent of various pig irons and ferro-alloys was also found to deter- 
mine the fineness of the graphite structures produced from them 
when they were remelted under oxidising conditions. 

A theory is put forward to explain these and other results, 
which suggests that treatment with titanium and carbon dioxide 
produces titanate inclusions which are liquid externally when the 
graphite crystallises and that, being liquid, they do not inoculate it, 
and supercooling occurs, which produces fine graphite. On the 
other hand, additions of silicon, calcium silicide, and aluminium are 
suggested to produce solid and consequently inoculating inclusions, 
such as silicates, calcium carbide, and alumina, in the melt, and 
coarse graphite results. The action of hydrogen is assumed to be due 
to iron oxide being reduced from the titanate inclusions and their 
freezing point being raised. 

Experiments, in Part II., on cupola-melted metal showed that 
it was more difficult to refine than crucible-melted metal, since the 
titanium, on dissolving, combined with inclusions already present 
in the metal, and floated up out of the melt. It was also found 
that titanium-containing charges which gave fine graphite casts 
when melted in the crucible, gave coarse graphite casts when melted 
in the cupola. This coarsening is suggested to be due to reducing 
conditions operating, in certain parts of the cupola, on inclusions 
previously formed by oxidation, and having a similar effect to 
hydrogen. 

Appendix 1.—Ezxperiments on the Effects of Gases in Cast Iron.— 
Swedish white iron melted in air emitted sparks during solidification 
and gave unsound ingots, due to carbon in the metal reacting with 
oxygen in the air. Small additions of silicon and manganese 


1 Received June 24, 1936, 
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eliminated unsoundness from this cause. Nitrogen was not found 
to produce unsoundness in any composition, and eliminated other 
gases. Hydrogen produced large numbers of blow-holes in all 
compositions of cast iron under certain conditions of solidification. 
Steam had a similar effect to hydrogen. 

Appendix 2.—The Freezing Points of Iron-Carbon-Silicon Eutectic 
Alloys.—The temperature at which the graphite eutectic solidifies 
in hypereutectic compositions is found to be first raised by increasing 
silicon content, up to about 5:5% of silicon, then lowered, up to 
about 8-5% of silicon, and then raised again. 


INTRODUCTION. 


THE present investigation deals with the problem of the graphite 
flakes in grey cast iron crystallising out in some cases in a very 
fine form (see Figs. 2, 4, 6, and 8, Plates L. to LIT.) and in other 
cases in a comparatively coarse form (see Figs. 1, 3, 5, and 7), for 
some cause not explained by chemical analysis or casting conditions. 
This phenomenon is apparently similar to that occurring in the case 
of the modified and unmodified aluminium-silicon alloys and certain 
other systems, and produces important alterations in the mechanical 
and other properties. 

The results are reported in two parts, since different results 
were obtained on metal melted in small crucibles (Part I.) from 
metal melted in the cupola (Part II.), which presented new problems. 
In Appendix 1 are given some experiments on the effect of gases 
in cast iron, which were made during the investigation, and Appendix 
2 deals with the freezing points of some iron-carbon-silicon eutectic 
alloys. 

The terms “fine” and “ coarse’ graphite are used throughout 
to indicate the supercooled and normal structures, and are only 
relative, since much coarser graphite than that shown in Figs. 
1, 3, 5, and 7 is, of course, formed in large slowly-cooled sections 
of grey iron. 

Part I.—SMmaLL CRUCIBLE MELTs. 


(1) Graphite Nuclei Theory When the investigation was 
commenced the current theory accounting for the above variations 
in graphite size was that they were due to the presence or absence 
in molten metal of undissolved graphite nuclei. Piwowarsky ' 
and Hanemann? had found that superheating molten grey cast 
iron to about 1500° C. caused the fine graphite structure to form 
in the resulting castings, and suggested that superheating dissolved 
graphite particles which otherwise acted as nuclei and produced 
coarse graphite. It was, however, observed that the graphite 
nodules in blackheart malleable dissolved rapidly at temperatures 
as low as 900° C., and this threw doubt on the above theory. In 


1 E. Piwowarsky, Transactions of the American Foundrymen’s Association, 
1926, vol. 34, pp. 914-985. 
2 H. Hanemann, Stahl und Hisen, 1927, vol. 47, p. 693. 
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order to test it out further, melts were made, separately, first of 
a completely-white-iron thin section of a casting, and, secondly, 
of a coarse graphite grey-iron thick section of the same casting. 
No difference in the fracture of the resulting ingots could be detected, 
even on rapid melting at low temperatures, and this threw further 
doubt on the graphite nuclei theory. If the theory was incorrect, 
in so far as graphite size variations were not due to graphite nuclei, 
it seemed likely that these might be due to the presence of gases 
or non-metallic inclusions in the molten metal, and experiments 
were carried out to investigate this. 

(2) Method of Carrying Out Small Crucible Melts ——In order to 
make a large number of melts rapidly, small }-lb. charges of cast 
iron were melted in fireclay crucibles in a Silit electric furnace, 
working at about 1350°C. Small ingots for the charges, instead 
of pieces of metal, were found to give a cleaner melt with less altera- 
tion in composition from oxidation. Melting took about twenty 
minutes. Slag was then removed and the melt treated, with the 
object, either of removing existing non-metallic inclusions from the 
melt, or of introducing new ones. The crucible was then removed 
from the furnace and cooled in air. The resulting ingots were 
slotted and fractured, the coarseness of the fracture was noted, and 
microscopic examination was made. The experiments carried out 
are recorded more or less in the sequence in which they were made, 
as are the resulting deductions, which were tested out by further 
melts. A 5% silicon, 1% manganese medium-total-carbon grey 
iron made from a synthetic crucible melt was used to begin with, 
chiefly with the idea of using a composition which would not so 
readily become mottled if silicon were lost by oxidation. 

(3) Treatment with Fluxes, Deoxidisers, and Gases.—The inclusions 
most likely to be present.in the melt appeared to be silica and 
silicates (sulphur being below 0-03°%) and the chief gases carbon 
monoxide and carbon dioxide. . Consequently, in various melts, 
caustic soda and sodium carbonate were stirred in to try to 
remove the former, and deoxidisers such as sodium-lead, calcium- 
copper, magnesium, &c., to remove the latter. It was found that 
caustic soda additions coarsened the fracture somewhat, but no 
other special effect on the graphite size was obtained. This coarsen- 
ing effect of caustic soda was subsequently found to be due to 
hydrogen, since bubbling hydrogen through the molten iron for 
about two minutes produced definite coarsening, while nitrogen 
produced definite refining. Nitrogen followed by hydrogen also 
produced coarsening, and vice versa. This result suggested that 
gases were the important factor, and a large number of experiments 
were carried out on their effects. These are reported in Appendix 
1, since although it was found that hydrogen could make the solidified 
metal unsound and full of blow-holes, little further information 
on the graphite size problem was obtained. 

An iron of similar analysis, except that it contained only 0-03%, 
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of manganese instead of 1-0°/,, was then made and experimented with 


to see if the manganese content affected the result. It was found, 
however, that the fracture of this iron was not affected by hydrogen 


or nitrogen, even when the manganese content was increased to 


1%. This iron appeared to give a stickier melt than the former, 
and attempts were made to flux out silica or silicates and then 
refine with nitrogen, but no refining could be obtained. 


To see if phosphorus had an effect, 1-5°/, phosphorus irons were 
» I 


next tried, and it was found that some were refined by nitrogen 
but others were not. The fact that certain irons were refined by 
nitrogen, and others of the same composition were not, suggested 
that the refining action of nitrogen was due to the formation of a 
nitrogen compound, such as a nitride, and numerous experiments 
were carried out in which various elements were dissolved in the 
melt and nitrogen was then bubbled through. Various nitrides, 
nitrided steel, cyanides, &c., were also added. The most definite 
result obtained was that ferro-carbon-titanium additions appeared 
to clean melts of irons which were not refined by nitrogen, and if 
followed by nitrogen bubbling sometimes produced a certain amount 
of refining. 

(4) Effect of Ferro-Carbon-Titanium Additions.—At this stage 
it was thought that ferro-carbon-titanium additions only had a 
cleansing action on the melt and that some other addition and 
treatment were required to produce the graphite refining. Titanium 
was also not thought to be responsible, since grey-iron test bars 
containing increasing amounts of titanium had previously been 
made without any special effect of titanium on their graphite size 
being observed.* 

Experiments were consequently made in which the melt was 
cleaned by adding ferro-carbon-titanium and then given further 
treatments of various sorts, until a melt was made in which calcium 
carbonate was added after cleaning the melt with ferro-carbon- 
titanium. This was found to refine the graphite structure com- 
pletely, and gave an ingot having a sooty black fracture, quite 
unlike anything previously obtained. 

Ferro-carbon-titanium followed by carbon-dioxide bubbling 
gave the same result. Variations of the above treatment were tried, 
but it was found that 1% or 2% of ferro-carbon-titanium was 
sufficient and that it only produced the refining action when oxidised. 
Bubbling carbon dioxide for about two minutes also proved to 
be sufficient to produce the maximum graphite-refining effect. 
The above treatment was applied to a large number of hypo-eutectic 
cast irons of the most varied compositions, and was found to refine 
them all; some were not quite so completely refined as others, 
and in hypereutectic irons the presence of kish graphite had a 





1 A review of the literature on the effect of titanium on cast iron is given 
by E. Morgan in the Bulletin of the British Cast Iron Research Association, June, 
1935. 
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coarsening effect on the fracture and on the eutectic adjoining the 
kish graphite flakes.1 

Bubbling hydrogen through melts treated with titanium and 
carbon dioxide was then found to produce coarse graphite structures. 
Additions of ferro-silicon and calcium silicide were not observed to 
coarsen such melts, whether added before or after the titanium 
plus carbon-dioxide treatment. Sufficient aluminium was found 
to prevent refining if added before, but not if added after, the 
titanium plus carbon-dioxide treatment. 

(5) Refining of Other Melts Connected with the Presence of Titanium 
in the Charge.—The original 5° silicon, 1-0°, manganese iron which 
was partly refined by nitrogen was then analysed for titanium 
and found to contain 0-15%. It was found to be refined to a greater 
extent by carbon dioxide than by nitrogen, and completely by a 
ferro-carbon-titanium addition followed by carbon dioxide. The 
refining action of nitrogen was due to its indirect action of churning 
the metal and exposing it to surface oxidation, since refining did 
not occur in an atmosphere of nitrogen. The 5% silicon, 0-03% 
manganese iron, which was not refined by nitrogen, was then 
analysed and was found to contain only 0-05°% of titanium. This 
iron was also refined when titanium was added and carbon dioxide 
bubbled through the melt. It was then discovered that the former 
iron had been made from a mixture of Swedish white iron, steel, 
and 30% ferro-silicon, and the latter from a mixture of Swedish 
white iron, steel, and 40% ferro-silicon. Both ferro-silicons had 
been obtained from the same source, and it had been assumed 
that they had been made from the same materials, but on analysis 
the 30% alloy was found to contain 1-74°% of titanium and the 40% 
alloy 0-08% of titanium. The 30% alloy turned out to be an odd 
lot from a Norwegian furnace. A subsequent supply of 30% alloy 
only contained 0-06% of titanium. 

On finding that the titanium content was again connected with 
the fine graphite production, a number of other ferro-alloys and 
pig irons were analysed for titanium. Swedish white iron was 
found to contain 0-04%, hematite pig irons about 0-07%, 15% 
phosphorus pig irons 0-15-0:30%, Burn (Indian) pig irons 0-25- 
0:30%, Norwegian pigs, such as Vantit and Norskalloy, up to 0-8%, 
and 10% ferro-silicon 0-25% of titanium. It was found that these 
titanium contents broadly determined the fineness of the fractures 
obtained on remelting, when sufficient steel was added to produce 
a hypo-eutectic melt. 

For example, the hematites gave coarse fractures, the Norwegian 
pigs fine, and the addition of 10-20% of Norwegian pig to the hem- 
atite charge gave a fine fracture. The Swedish iron, which required 


1 Excellent micrographs, showing fine graphite eutectic in hypereutectic 
melts, produced by melting in carbon crucibles and heating to 1640° C. in a 
vacuum, are given by H. Nipper, Proceedings of the Institute of British Foundry- 
men, 1933-34, vol. 27, p. 127. 
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the addition of silicon to make it grey, gave coarse fractures with 
40% ferro-silicon (0-08% of titanium), but fine fractures with 
sufficient 30° ferro-silicon (1-74% of titanium) as stated above, 
and also gave fine fractures when sufficient 10%, ferro-silicon (0-25%, 
of titanium) was used. With upwards of about 50% of 10% ferro- 
silicon in the charge, completely fine fractures were obtained, and 
with less the fractures contained progressively less fine graphite. 
The finer graphite structures of test bars made as above from 
10% ferro-silicon—finer than those made from 40% ferro-silicon— 
had previously been noted and reported, but an incorrect explana- 
tion based on the graphite nuclei theory was put forward. 

The fact that the differences between the titanium contents 
of the pig irons and ferro-alloys almost completely accounted for 
the fineness of the graphite structures of the ingots produced 
from them, suggested that it was, in fact, the chief factor concerned. 

(6) Experiments on Melting in Contact with Different Slags.— 
Experiments were then made to see if the same refining result 
could be obtained by melting irons containing only traces of titanium 
in contact, for about twenty minutes, with a slag of suitable com- 
position. Bearing on this, Diepschlag? has found that melting 
in contact with aluminous slags has a graphite-refining action on 
grey iron, and with siliceous slags a coarsening action. Similarly, 
Colbeck and Evans* have found that treating molten cast iron 
in the ladle with soda ash has a graphite-refining action and reduces 
the amount of sulphides and silicates in the metal. In these experi- 
ments gas was usually bubbled through the melt to give more 
intimate slag-metal contact. A number of slags containing various 
mixtures of titanium oxide, ilmenite, ferrous silicate, aluminium 
oxide, silica, iron oxides, calcium oxide, calcium fluoride, sodium 
hydroxide, sodium silicate, manganese sulphide, manganese oxide, 
lead oxide, borax, cupola slags, &c., were tried, but no refining 
similar to that obtained with titanium and carbon dioxide could be 
produced. It was found that borax gave a white iron, due to 
absorption of boron, which has a powerful carbide-stabilising 
action, and additions of lead and lead compounds often produced 
a certain amount of refining. The effect of coating the interior 
surface of the fireclay crucible with various slags was also tried, with- 
out positive result. Similar tests were also made to see if an iron 
porno refined by titanium and carbon dioxide could be coarsened 
vy stirring in or remelting with slags in the above manner, but again 
no positive result was obtained. It is important to note that these 
experiments were purposely carried out .at comparatively low 
temperatures (1300—1350° C.) in order to avoid superheating effects. 
1 ew and Morgan, Journal of the Iron and Steel Institute, 1930, No. I., 


p. 36 
2 E. Diepschlag, Giesserei, 1929, vol. 16, p. 822; 1931, vol. 18, p. 705; 
1934, vol. 24, p. 493. 

3 KE. W. Colbeck and N. L. Evans, Foundry Trade Journal, 1931, vol. 44, 
p- 305; 1933, vol. 49, p. 191. 
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The general impression obtained was that non-metallic inclusions 
in molten cast iron were extremely difficult to introduce from out- 
side, and that those present in the molten metal were probably 
almost entirely generated from chemical reactions with elements 
dissolved in the metal. 

(7) Experiments on Melts Containing only Traces of Silicon. 
Experiments were next carried out with a view to obtaining further 
information on the nature of the inclusions which produced the fine 
graphiteand of the others which produced the coarse graphite structure. 

A melt completely free from inclusions was not obtained, but 
Swedish white iron (T.C. 3-7%, Si 02%, Mn 0-03%, S 0-03%, 
P 0-03°%) to which 20° of pure nickel was added to ensure that it 
solidified grey, gave ingots having chiefly fine graphite in the micro- 
structure. Such melts were apparently almost free from inclusions 
—with the exception of traces of silica and iron oxide—and were 
also free from silicon. Bubbling hydrogen through such a melt 
did not appreciably coarsen it. Treatment with titanium and 
carbon dioxide refined it completely. Bubbling hydrogen through a 
melt after treating it with titanium and carbon dioxide coarsened it 
completely. It had previously been found that stirring a fine graphite 
melt during solidification coarsened the graphite, and gas liberation 
probably has a similar tendency, but since the effect of hydrogen 
was so much greater on melts containing oxidised inclusions it 
appeared that its essential action was a reducing one, probably 
that of reducing FeO in the inclusions to iron. 

Swedish white iron, without the addition of nickel, if melted 
without loss of carbon, gave an ingot which was just grey, and, 
like the above Swedish-nickel ingots, contained chiefly fine graphite. 
Additions of 40% ferro-silicon to this melt—steel being added if 
necessary to keep the iron hypo-eutectic—gave coarse graphite 
structures, as stated above. 

When small additions of 40% ferro-silicon were made, the 
coarsening was less in some melts than in others, apparently due 
to variations in the oxidation occurring, since purposely oxidising 
the melt increased the coarsening. 

Additions of calcium silicide to Swedish iron similarly gave 
coarse structures. The resulting ingots smelt strongly of acetylene, 
suggesting that calcium carbide had been formed. Experiments 
on the addition of sulphur and manganese to the Swedish iron 
before adding the calcium silicide suggested that calcium sulphide 
was formed instead of calcium carbide, if sulphur, not neutralised 
by manganese, was present in the melt. Bubbling carbon dioxide 
through melts treated with calcium silicide was found to remove 
the inoculating effect, which suggested that calcium oxide was not 
the inclusion formed. It had previously been found that ferro- 
silicon and calcium silicide additions had no appreciable coarsening 
action on grey-iron melts that had previously been treated with 
titanium and carbon dioxide. 
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Additions of only 0-1°% of aluminium to the Swedish white iron, 
which just went grey, coarsened it, but on allowing the melt to stew, 
or on bubbling carbon dioxide gas through it, a white coherent 
mass of aluminium oxide formed on the top surface of the melt, 
rather like a mushroom in coherence and appearance. If all the 
aluminium was oxidised out in this way, the resulting graphite 
structure was finer than that of the original Swedish iron, owing, 
presumably, to the removal by the aluminium oxide of some of the 
inclusions present in the original melt. 

(8) Refining Action of Copper in Excess of Liquid Solubility.—It 
was also found that copper produced the fine graphite structure 
(see Figs. 9 and 10, Plate LIT.) when it was dissolved in molten grey 
iron in excess of the quantity 1 which can be held in liquid solution 
at the temperature at which the graphite eutectic solidifies. The 
excess copper was precipitated in the melt during cooling down 
.to the eutectic temperature in the form of liquid copper. Additions 
of copper not in excess of the above liquid solubility limit did not 
have any appreciable graphite refining effect. That excess copper 
might have this refining action was deduced from, and investigated 
as a result of, the theoretical explanation given below. 

(9) Theoretical Explanation of Results —The production of fine 
graphite structures by the titanium plus carbon-dioxide treatment, 
and of coarse graphite structures by the other treatments, appears 
in both cases to be due to the generation of inclusions in the melt. 
The different effects produced must consequently be assumed to 
be due to some difference in the nature of the inclusions generated. 
It is suggested that the different effects are due to differences in 
the freezing points of the inclusions, that when fine graphite struc- 
tures are produced the inclusions are such that they are still liquid 
externally when the graphite eutectic solidifies, and that liquid 
inclusions do not inoculate it and it supercools. On the other 
hand, when coarse graphite structures are produced, the inclusions 
are solid and inoculate the graphite eutectic. The liquid inclusions 
probably contain eutectics, and are perhaps only liquid externally, 
having deposited solid internally. Inclusion-free melts are also 
assumed to supercool, and in this connection Hanson ? found that 
iron-carbon-silicon alloys made from very pure materials and 
melted in vacuo, gave fine graphite structures, and that these were 
coarsened by remelting in air. 

On the above theory, the inclusions produced by the titanium/ 
carbon-dioxide treatment would be specially fusible ones. The 
freezing points of slags containing iron titanate are not known, but 
in the slag system diagrams compiled by Hall and Insley * manganese 
titanate and manganese silicate are shown to form a simple binary 





1 About 7% in ordinary grey iron. Silicon lowers this solubility figure. 
2 D. Hanson, Journal of the Iron and Steel Institute, 1927, No. II., p. 129. 
3 F. P. Hall and H. Insley, Journal of the Ceramic Society, 1933, vol. 16, 
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eutectic system, with the eutectic containing 22-3 molecular °% of 
MnTiO, and freezing at 1120° C., which is a lower freezing point 
than that of any of the iron-manganese-silicate slags mentioned 
in this review. 

In order to test the theory, work is in progress on the separation 
and analysis of the inclusions in typical melts and the determination 
of their freezing points. 

On the above theory, the coarsening action of hydrogen on a 
grey iron treated with titanium and carbon dioxide would be due 
to the reduction of ferrous oxide and the raising of the freezing point 
of the inclusions. The Swedish white-iron melt made grey by 
nickel would be almost free from inclusions, as would be the Swedish 
iron melted by itself. Oxidised additions of silicon and aluminium 
and additions of calcium silicide would form silicate, aluminium 
oxide and calcium carbide particles of sufficiently high freezing 
points to produce coarse graphite. It is also suggested that the 
inoculating action of solid inclusions is local, and that when calcium 
silicide or ferro-silicon is added to molten cast iron a specially large 
number of inclusions is formed in the melt and produces a very 
uniform coarse graphite structure, which gives better mechanical 
properties in low-total-carbon grey irons than the less uniform 
graphite structure normally obtained. Copper in excess of the 
liquid solubility would precipitate liquid copper in the melt, which 
would coat existing solid inclusions with liquid and render them 
non-inoculating. Lead is also precipitated from liquid solution in 
a similar manner, and, as stated above, has some graphite-refining 
action, but it is not so effective as copper, possibly because it is 
only soluble to a very small extent, and also because it is heavy and 
sinks to the bottom of the melt. Other elements which are probably 
precipitated from liquid solution in iron are silver, bismuth, and 
thallium, but these have not been found to have any graphite-refin- 
ing action, possibly on account of their solubilities being too low. 

The effect of superheating in producing fine graphite would 
be—as has been suggested by von Keil and his collaborators ! since 
the above conclusions were arrived at—that of producing an inclu- 
sion-free melt, due to flotation, or reduction by carbon of the silicates 
present. Von Keil and Legat have suggested that the coarse 
graphite structures are due to submicroscopic silicate slime in 
the melt, but their only explanation of fine graphite structures 
is that they result from inclusion-free melts. 

It is thought that the above theory also explains the modification 
of aluminium-silicon alloys by sodium and other elements which 
are thrown out of liquid solution and, it is suggested, coat existing 


1 O. von Keil and A. Legat, Giesserei, 1933, vol. 20, pp. 214-217. 

O. von Keil, R. Mitsche, A. Legat, and H. Trenkler, Archiv fiir das Eisen- 
hiittenwesen, 1934, vol. 7, pp. 579-584. 

R. Mitsche, Iron and Steel Institute, Carnegie Scholarship Memoirs, 1934, 
vol. 23, pp. 65-105. 
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solid inclusions with liquid and prevent them from inoculating 
the eutectic, which consequently supercools. Attention was 
previously drawn to the similarity between the normal and modified 
structures of aluminium-silicon alloys and those in grey cast irons, 
but the modification of the former was suggested to be due to the 
removal from the melt of solid particles such as oxides.1 


Part IJ.—CuproLa AND OTHER MELTs. 


(1) Introduction.—The experiments described in Part I. suggested 
that the fine graphite structure could be produced in any grey 
cast iron by dissolving 1% or 2% of ferro-carbon-titanium in the 
melt and bubbling carbon dioxide through it. The fact that more 
successful results had not previously been obtained with titanium 
as a graphite-refining agent were assumed to be due to the omission 
of the oxidising treatment. This assumption proved, however, 
to be only partly correct, since attempts to apply the refining treat- 
ment to ladles of cupola metal under ordinary conditions met with 
little success, and further investigation was required, as described 
below. 

(2) Treatment of 50- and 200-lb. Crucible Melts and Cupola 
Metal with Ferro-Carbon-Titanium and Carbon Dioxide.—As 
soon as the refining action of a titanium addition followed by 
carbon-dioxide bubbling had been observed on the small }-lb. 
crucible melts, attempts were made to duplicate the results on larger 
crucible melts and on cupola metal. 

Charges of hematite pig plus 10% of steel were melted in 50-Ib. 
and 200-lb. coke-fired crucible furnaces, 2°, of ferro-carbon-titanium 
was then stirred in and carbon dioxide from a gas cylinder was 
bubbled through the melt for two minutes, through a stout 4-in. 
dia. steel tube, bent at right angles and protected by a plumbago 
sleeve over the arm dipping into the molten metal. In most cases 
a considerable amount of graphite refining, on 1-2-in. sand-cast 
bars, was obtained, but it was not complete and varied from one 
melt to another. Ferro-carbon-titanium was also stirred into ladles 
of cupola metal and carbon dioxide bubbled through, but the 
refining effect was considerably less than in the crucible melts, 
and hardly appreciable in most cases. Ferro-carbon-titanium 
additions to the cupola charge, with and without briquetting, 
gave similar results. It was observed that the ferro-carbon- 
titanium (melting point about 1400°C.) was difficult to dissolve 
and often became coated with slag, which prevented its solution 
in the melts. 

(3) Treatment of 50- and 200-lb. Crucible Melis and Cupola 
Metai with Ferro-Silicon-Titanium and Carbon Dioxide-—Some 
ferro-silicon-titanium (melting point about 1200°C.; Ti 20%, 


1 A. L. Norbury, Journal of the Iron and Steel Institute, 1929, No. I., p. 449. 
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Fic. 2.—Fracture of 3-in. dia. Sand-Cast Bar containing fine graphite. x 1. 
[Norbury and Morgan. 
[To face p. 336 Pp, 











Puate L. 


Fracture of 3-in, dia. Sand-Cast Bar containing coarse graphite. x 1. 
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Fic. 3.—Coarse Graphite in 3-in. Bar. Unetched. Fic. 4.—Fine Graphite in 3-in. Bar. Pearlite Fic. 
shite network, black. 50. 
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Fic. 5.—Coarse Graphite in 3-in. Bar. Unetched. Fic. 6.—Fine Graphite in 8-in. Bar. Ferritic Fic. 9. 
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Fic. 9.—Coarse Graphite in Grey Cast Iron con- 
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Si 20%, Al < 10%, C < 10%) was then tried and gave much 
better results, and it was possible to obtain completely refined 
graphite structures (see Figs. 2, 4, 6, and 8) throughout 3-in. dia. 
sand-cast bars, cast from crucible melts of hematite plus 10% of 
steel, treated by dissolving 1% or 2% of this alloy in the melt and 
bubbling carbon dioxide through it for about two minutes.! 
The untreated melt gave a very coarse graphite structure on a 
3-in. bar (see Figs. 1, 3, 5, and 7). Complete refining, however, 
was not always obtained, and attempts to refine ladles of cupola 
metal with this alloy and carbon dioxide again usually proved 
almost completely unsuccessful, although in certain cases some 
refining was obtained. Moreover, little or no increase in the titanium 
content was found in the treated metal when refining was unsuccess- 
ful. It was thought that this was again due to difficulty in dis- 
solving the titanium alloy and that one of still lower melting point 
would make it possible to refine ladles of cupola metal. Experiments 
were made and an alloy with a melting point of about 1000° C. was 
found, which was prepared by dissolving 35% of 80%, ferro-man- 
ganese and 15% of 20% ferro-phosphorus in the ferro-silicon- 
titanium alloy. This alloy, however, did not give any better 
refining of ladles of cupola metal, and again only small amounts 
of titanium were found in the resulting casts. 

(4) Huperiments on the Amount of Titanium Alloyed.—Since it 
was assumed that the titanium alloy was still not dissolving, experi- 
ments were made on 2% additions at various temperatures and 
in the form of powder, lumps, &c. Titanium yields lower than the 
theoretical were, however, always obtained, in some cases even when 
single lumps of alloy were held below the surface of the metal until 
completely dissolved. This suggested that the low yields in the 
case of cupola metal were due not only to some of the alloy not 
dissolving, but also to titanium slag inclusions floating up out of 
the melt on account of their reaction with other slag inclusions 
in the melt. This also explained why, when added to certain melts, 
particularly ladles of cupola metal, the titanium alloy became 
rapidly coated with slag which tended to prevent it from dissolving. 
It was found that the best and most consistent yield in a given 
melt was obtained by wrapping the titanium alloy in a thin sheet- 
steel packet and plunging it below the surface of the metal with a 
heated plumbago plunger. This made it possible to estimate the 
amount of titanium rejected by a given melt. 

Additions of oxides, sulphides, slags, &c., were then made before 
dissolving 1% or 2% of the titanium alloy in the above manner, 
to see if they produced slag inclusions in the melt and reduced the 
titanium found in the resulting cast. Additions of deoxidisers 
and fluxes were also made to determine whether they increased 
the titanium yield. The results showed that oxidising additions 

1 A patent was applied for in 1933 and was granted in 1935 (No. 425,227): 
Certain foreign patents are pending. 
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reduced the titanium yield somewhat, but nothing like the reduction 
observed with cupola metal was ever obtained 

(5) Ferro-Silicon-Titanium Additions to Crucible-Melted Pig 
lrons.—Two per cent. additions of ferro-silicon-titanium were then 
made to various pig irons melted in the crucible, to see if some gave 
lower titanium yields than others on account of their containing more 
or different inclusions. Ten per cent. of steel was added to such 
charges to give a hypo-eutectic cast, and carbon dioxide was bubbled 
through the melt so that variations in the fineness of the fracture 
could be followed. 

It was found that a higher titanium yield (i.e., increased titanium 
content of the cast over the charge) was obtained on adding 2°, of 
ferro-silicon-titanium (Ti 20%) to a pig of low titanium content 
(e.g., 007% Ti) than one of higher titanium content (e.g., 0-28°,), 
since the titanium content of the cast was about 0-35-0-4°% in each 
case. Similarly, on remelting such a cast and adding 2%, of ferro- 
silicon-titanium and bubbling carbon dioxide through it, no in- 
crease in the titanium content was obtained. An addition of 4° 
of ferro-silicon-titanium to a 0-07°), titanium melt gave, however, 
a titanium content of about 0-6°% in the cast. 

These results confirmed the view that titanium could dissolve 
and then float up out of the melt, but possibly only showed that 
the molten metal could not retain more than about 0-35° of 
titanium in the melt when it had been oxidised by carbon-dioxide 
bubbling. On the other hand, when the titanium was in the un- 
oxidised form, in solution in the metal—such titanium probably 
forming titanium-carbide/graphite/austenite ternary eutectic + on 
solidification—greater amounts could be retained. When, however, 
cupola metal of a given titanium content was remelted in the 
crucible and titanium was dissolved as above, the titanium yield 
was lower than in the foregoing cases. This suggested that more 
inclusions, other than titanium ones, were present in cupola metal. 

(6) Differences in Fracture obtained on Crucible and Cupola 
Melting.—Certain of the above titanium-containing pig irons gave 
an almost completely refined fracture on a 3-in. bar, simply on 
remelting in the crucible with 10% of steel. Consequently, such 
charges were melted in the cupola to see if equally fine graphite 
casts could be obtained. The cupola casts were, however, usually 
much coarser and often almost completely coarsened, even when 
carbon dioxide was bubbled through the molten metal in the ladle 
for 2, 4, and 8 min. The strengths of 3-in. test bars cast from 
these cupola melts were in some cases only about two-thirds of 
those of metal of the same analysis made from the same charge 
melted in the crucible. These cupola casts also gave only slightly 
less coarse fractures on remelting in the crucible and treating 

1 Shimmer (Transactions of the American Foundrymen’s Association, 1886, 


vol. 15, p. 455) found the titanium (0-20%) in a Barrow No. 1 pig to be entirely 
in the form of titanium carbide (TiC). 
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with carbon dioxide, and not completely fine fractures on remelting 
and treating with 2°,, of titanium and carbon dioxide for 2 min 
although further treatment refined them completely. The analyses 
did not account for such differences. In some cases they were 
almost identical, although the tendency was for the cupola melts 
to be higher in carbon and lower in silicon and manganese. The 
possibility that sulphur pick-up might account for such differences 
was also investigated, but additions of over 0-1°,, of sulphur to the 
crucible melts did not produce any appreciable coarsening. 

In some cases the coarsening of the fracture on cupola-melting 
was much less than in others, and fairly fine fractures containing a 
large amount of fine graphite in the microstructure were obtained, 
especially on the thinner sections. It was, however, already known 
that charges of titanium-bearing pig irons could give fine-fractured 
casts under certain conditions of cupola-melting, but the nature 
of the conditions required to give the fine graphite was not under- 
stood. 

(7) Crucible Melts over Coke.—The same charges were con- 
sequently melted in the crucible over coke, coke ash, limestone, 
cupola slag, and sand, with and without air blown through during 
melting, in an attempt to imitate cupola conditions in a crucible 
melt. Coke had a definite coarsening action, but this was partly 
due to carbon pick-up, and in some melts in which steel was sub- 
sequently dissolved in the melt to offset this, little coarsening action 
was obtained. Coke did, however, appear to have a coarsening 
action under certain conditions, and it was thought that this might 
be due to inclusions entering the metal, owing to its dissolving 
coke containing very finely divided coke ash. Moreover, the 
addition of sodium carbonate to the coke appeared to reduce its 
coarsening action in such crucible melts. 

The effect of coke, however, was not further investigated, since 
it was found that the same charges were also coarsened by melting 
in oil-fired and pulverised-fuel-fired rotary furnaces. This showed 
that coke ash was probably not the main cause of the coarsening 
of cupola metal. 

(8) Oxidation Experiments on Crucible Melts.—Since considerable 
losses of silicon and manganese occurred in most of the cupola 
and rotary-furnace melts, and since these did not occur in the 
crucible melts, it was decided to investigate the effect of oxidation 
on crucible melts more thoroughly. Charges of the above titanium- 
bearing pig irons were again used in these experiments, since they 
gave an almost completely fine fracture on a 3-in. bar, simply on 
remelting in the crucible. It was thought that inclusions formed 
by oxidation at a low temperature might be different and have a 
different effect from those formed by oxidation in the molten metal. 
Consequently carbon dioxide, or air, was blown into the crucible or 
metal before, during and after melting; in other cases iron oxide 
scale was stirred in after melting, but although appreciable losses 
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of silicon, manganese, and titanium were produced (e.g., Si 2-13°%, 
—> 1:68%, Mn 1:36%— 1:10%, Ti 0:20% —+> 0-15%), no 
coarsening of the graphite was obtained, the 3-in. bars having almost 
completely refined graphite structures after such treatments. 

(9) Reduction Experiments on Crucible Melts—The effect of 
reducing conditions, which now appeared to be the most likely 
alternative, was then further investigated. The possibility of 
these being the cause of the difference between the crucible and 
cupola melts had been thought unlikely, since it was assumed 
that cupola-melting was more oxidising than crucible-melting on 
account of the higher manganese and silicon losses. Moreover, 
the general conclusions from previous experiments had been that 
although bubbling hydrogen through the melt, usually for 2 min., 
had a coarsening action, this was removed by bubbling carbon 
dioxide through the melt. This conclusion had, however, been 
obtained on melts probably containing few inclusions such as silicates 
and in which the titanium was added and hydrogen bubbled through 
before the titanium had been oxidised. When the effect of bubbling 
hydrogen for two minutes was tried on the same charges as those 
used in the above oxidation experiments, in which the titanium 
was probably oxidised, owing to oxidation during melting, before 
passing the hydrogen, it was found that coarsening was produced 
and that this was still produced when the melt was subsequently 
stewed for ten minutes .and carbon dioxide bubbled through for 
two minutes, the titanium content of the cast having fallen con- 
siderably. Bubbling hydrogen for four minutes instead of two 
produced greater coarsening, which was not removed by remelting 
and bubbling carbon dioxide through. Bubbling carbon dioxide 
through for two minutes before bubbling hydrogen for two minutes 
reduced the coarsening, and the addition of 2% of ferric oxide 
instead of the carbon dioxide reduced it still more, but bubbling 
hydrogen for longer periods after these oxidising treatments produced 
more complete coarsening than when the melt had not been previously 
oxidised in this way. Still further and almost complete coarsening 
and loss of titanium resulted by giving the melt reducing, oxidising, 
reducing, then oxidising treatments. This treatment consequently 
caused coarsening similar to that produced by cupola melting. 

Melts of hematite pig iron plus 10% of steel were then subjected 
to oxidation followed by reduction treatments as above, and then 
2% ferro-silicon-titanium additions were made and carbon dioxide 
was bubbled through for two minutes. It was found that only a 
little refining was obtained and that the titanium yield was much 
lower than that obtained on adding it to the untreated melt or to 
a melt treated under oxidising or reducing conditions alone. Con- 
sequently, in this respect also, oxidising and reducing conditions 
made crucible metal similar to cupola metal. 

(10) Discussion of Results—Considering the above oxidation 
plus reduction experiments first, since these produced coarsening 
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and low titanium yields on crucible metal and made it similar in 
these respects to cupola metal, and since coarsening had also been 
obtained by melting over coke, the probability appears to be that 
the coarsening effect on cupola melting is due to the coke having 
a reducing effect on inclusions previously formed by oxidation. 
In the cupola the reducing conditions may only occur locally at 
metal-coke surfaces as the molten metal drips over the coke. That 
intimate contact with carbon or some compound containing carbon 
does occur is shown by the increased carbon content usually obtained. 
Some reduction may also be due to hydrocarbons in the coke, 
some of which are not decomposed until high temperatures are 
reached, and to steam, of which there are various sources. More- 
over, the finest graphite structure (almost completely fine on a 
3-in. bar) so far produced from a titanium-containing charge melted 
in the cupola had been obtained by rapid, rather oxidising melting 
in a very small, 12-in. dia. cupolette. The silicon fell from 1-86%, 
to 1-34%, the manganese from 0-88% to 0-57%, and the titanium 
from 0-20% to 0-13%. The carbon only le from 2-83% to 
2°92%. The same charge melted slowly in the same cupolette gave 
a much coarser fracture. That reducing conditions may also be 
present in rotary furnaces, in certain parts of the flame and under 
certain conditions, is also evident. 

It is suggested that the reducing conditions reduce FeO and 
make the inclusions richer in SiO, and TiO, and of higher melting 
point, as discussed in Part I. 

The difficulty of refining ladles of cupola metal by adding 
titanium and oxidising, also appears to be due to the presence in 
the metal of the above inclusions, with which the titanium inclu- 
sions combine and float up out of the melt. When such cupola 
metal is remelted in the crucible, the number of these inclusions 
is reduced by coagulation, flotation, &c., and the metal is easier 
to refine, but refining probably only occurs after the original in- 
clusions in the metal have been fluxed out by the titanium inclusions 
generated in the melt. It is difficult to refine ladles of cupola 
metal in this way, owing to the temperature falling too low before 
the larger amount of titanium required can be dissolved. More- 
over, if the metal contains a large quantity of slag inclusions, these 
inclusions coat the titanium alloy and prevent it from dissolving. 
The hematite pig iron used in the crucible melts was comparatively 
easily refined by the titanium and carbon-dioxide treatment, and 
appeared, under the microscope, to contain very few inclusions, 
apart from traces of MnS (S 0-03%). The other pig irons tested 
were also, generally speaking, very much easier to refine than the 
average cupola metal, and appeared to be much freer from inclu- 
sions. It seems probable that pig irons (since SiQ, and TiO, are 
reduced and dissolve in the metal in certain parts of the blast- 
furnace) are, at certain stages in their descent of the furnace, 
practically free from oxidised inclusions, and that the few that may 
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be formed result from oxidation lower down in the furnace or during 
tapping. In the pig analysed by Shimmer (loc. cit.) the titanium 
was entirely in the form of TiC, and since it is probably more easily 
oxidised than silicon and manganese, such a pig iron should be almost 
free from inclusions, apart from MnS. 

If oxidised inclusions are absent from pig irons, it is suggested, 
since manganese sulphide would be the only inclusion present, that 
the amount of manganese sulphide present would, in hypo-eutectic 
compositions, determine the coarseness of the fracture.1 Some hold 
that it is the determining factor, but in most cases it may be that 
this alteration in fracture with increased sulphur content is really 
due to a simultaneous fall in carbon content which occurs when 
the furnace is working colder and the sulphur content increases. 
If, however, titanium is also present, it would, upon oxidation, 
become the determining factor, since it would combine with the 
manganese sulphide inclusions and give a fine graphite structure. 
That it is the determining factor on remelting, during which oxida- 
tion occurs, is shown by the above results. 

(11) Conclusion.—Further investigation on this and other points 
is being continued. The results up to date, however, have been 
reported at this stage in view of the extent of the problems involved. 

The charges, melting conditions, and treatments which produce 
the finest and the coarsest graphite structures are being worked 
out more fully. The separation, analysis, and determination of 
the freezing points of the inclusions formed in typical melts are 
also being carried out. A number of results on the effects of the 
fine and the coarse graphite structure on the mechanical and other 
properties have already been obtained, but further investigation 
has been largely deferred until their production under commercial 
conditions has been satisfactorily worked out. 


The authors thank the Council of the British Cast Iron Research 
Association for permission to publish the present results. 


APPENDIX lI. 
Experiments on the Effects of Gases on Cast Iron. 

The following experiments were made on }-lb. melts of Swedish 
white iron (T.C. 37%, Si 0:2%, Mn 0:03%, S 0.03%, P 0-03%) 
melted in small fireclay crucibles in a Silit electric furnace, working 
at about 1350° C. 

When the white iron was melted without treatment and the 
crucible was taken out of the furnace and cooled in air} a continuous 
shower of sparks was shot up into the air from the top surface of the 
metal during cooling and until solidification occurred. These sparks 


1 The fracture of pig iron is discussed in a recent paper by the authors, 
Foundry Trade Journal, 1936, vol. 54, p. 453. 
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ceased when nitrogen or hydrogen was blown on to the top surface 
of the metal, and were accentuated by blowing air or oxygen on. 
The resulting ingots were honeycombed with blow-holes when the 
reaction took place, but were free from blow-holes when the ingots 
were solidified in an atmosphere of nitrogen. ‘The blow-holes were 
bright and only slightly discoloured when completely enclosed by 
solid metal. When channels connected them to the outside surface 
of the ingot, they were discoloured and black. Stirring in iron oxide 
made the metal froth up and caused similar unsoundness. When 
4°%, of silicon or manganese was dissolved in the metal, no sparks 
were emitted. The same is observed in the foundry, since low- 
silicon irons spark much more than higher-silicon irons. 

The sparks and blow-holes were evidently due to oxygen in the 
air reacting with carbon in the metal, and it seems likely that the 
intermediate formation of iron oxide occurred. It will be noted 
that the white iron is similar in composition—apart from its carbon 
content—to an unkilled steel, and that the above reactions are 
very similar to those occurring in steelmaking. 

Although the 4% silicon and manganese additions prevented 
sparks from being emitted during solidification, even with 5% 
additions of these elements the slag film on the top surface of the 
metal always frothed during solidification, showing that gas was 
evolved either from the metal or from the oxidation of carbon at 
the surface of the metal. 

The effect, of bubbling hydrogen into melts of cast iron was 
found to be to produce large numbers of blow-holes in the solidified 
metal. ‘These were very marked when the rate of cooling was such 
that the gas was just trapped by the formation of a solid outer 
shell of metal, and the cooling of the interior was sufficiently slow 
to allow the gas to form blow-holes. If the rate of cooling before 
solidification was very slow, the gas tended to free itself from the 
molten metal and not to form blow-holes. On the other hand, if 
it was very rapid the gas appeared to be retained in some enforced 
compressed state, and did not form visible blow-holes. Blow-hole 
formation due to hydrogen was specially marked in 15% silicon, 
0-7% total-carbon cast iron. When hydrogen was bubbled for two 
minutes and the metal was then cast, the gas evolution caused 
the metal to rise in the pipe and give a cauliflower top (see Figs. 
11 and 12, Plate LIII.). The same metal gave a deep pipe when 
melted without this gas treatment. Hydrogen produced blow- 
holes in all compositions of cast iron, but they were more marked 
in low-total-carbon irons, such as the above, in which a solid outer 
shell of metal is more rapidly formed on casting. It was found 
that bubbling hydrogen through for about two minutes was sufficient 
to produce the maximum effect and that bubbling nitrogen through 
for about two minutes almost completely removed the hydrogen. 
Similarly, bubbling carbon dioxide or air through removed the 
hydrogen, and allowing the metal to stew in contact with air pro- 
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duced the same effect, although more slowly. Contact with air 
during cooling and solidification was also found to be enough to 
eliminate a considerable quantity of the hydrogen (and this elimina- 
tion was more rapid in low-silicon, low-manganese irons), since 
greater unsoundness was produced by cooling a hydrogen-treated 
melt in an atmosphere of hydrogen. 

Bubbling steam into molten cast iron produced the same un- 
soundness as hydrogen, the steam being apparently reduced. The 
same unsoundness and cauliflower-topped runners can be pro- 
duced when steam bubbles through the molten metal, due to the 
use of a damp sand ladle. When blow-holes are found in cast 
iron, generally near the surface of a casting, they are probably 
usually due to moisture in the moulding sand reacting and hydrogen 
dissolving in the metal. Such blow-holes have been found to a very 
marked extent in grey-iron test bars containing 5% of manganese 
and upwards, and it may be that steam is more rapidly reduced 
to hydrogen in irons containing easily oxidised elements such as 
manganese. 

Nitrogen bubbled through various compositions was not found 
to produce any visible unsoundness; on the contrary, it removed 
unsoundness produced by other gases, as stated above. 

It will be noted that the above experiments suggest the possi- 
bility of making rimming steel in any composition of steel, even 
those high in silicon, by bubbling hydrogen into the melt, also the 
possibility of deoxidising steel with hydrogen and then removing 
the latter by blowing nitrogen or some other non-oxidising gas 
through and cooling in a non-oxidising atmosphere. Steel made 
in this way should be almost free from the inclusions normally 
produced by deoxidisers. 

The above experiments were actually made in 1933, and are 
in agreement with investigations carried out by Edwards and his 
collaborators 1 on the effects of oxygen and carbon, and those of 
Swinden and Stevenson? on the effects of hydrogen, nitrogen, &c., 
on the blow-holes in steel ingots. 


APPENDIX 2. 
The Freezing Points of Iron-Carbon-Silicon Eutectic Alloys. 


During the course of the main investigation on graphite forma- 
tion, a number of cooling curves were taken on cast irons of different 


1 C. A. Edwards and H. N. Jones, “‘ Fifth Report on the Heterogeneity 
oe Steel Ingots,” Section V. Jron and Steel Institute Special Report No. 4, 
933. . 
C. A. Edwards, R. Higgins, M. Alexander, and D. G. Davies, ‘‘ Sixth 
Report on the Heterogeneity of Steel Ingots,’’ Section XI. Iron and Steel 
Institute Special Report No. 9, 1935. 
2 T. Swinden and W. W. Stevenson, ‘‘ Sixth Report on the Heterogeneity 
of Steel Ingots,” Section VIII. Iron and Steel Institute Special Report No. 9, 
1935. 
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silicon contents, treated with titanium and carbon dioxide to give 
the fine graphite structure, or produced from synthetic melts of 
Swedish iron and 40%, ferro-silicon to give the coarse graphite 
structure, to ascertain if the latter solidified at a higher temperature 
than the former. The results showed that this was the case, and 
also that the freezing point of the eutectic in hypo-eutectic com- 
positions varied with the silicon content, the carbon content, and the 
rate of cooling. It was, however, not possible at the time to carry 
out the large number of determinations required to complete the 
investigation. 

In the case of hypereutectic compositions, the results were 
much simpler. The eutectic freezing points of these alloys up to 
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Fic. 13.—The Freezing Points of Iron-Carbon-Silicon Eutectic Alloys. The 
double points indicate the extent of the recalescence, 


about 10° silicon were found to depend only on the silicon content. 
The alloys were made from Swedish white iron and 40% ferro- 
silicon, and were melted under wood charcoal. One-half per cent. 
of 80% ferro-manganese was added to each alloy to neutralise the 
0-03°% of sulphur present, since even this amount of sulphur lowers 
the freezing point slightly, and manganese even in much larger 
quantities has little effect. The results are shown in Fig. 13, the 
double points indicating the extent of the recalescence. It will 
be seen that increasing silicon content does not cause a linear 
increase in the freezing point as is usually shown, but that it causes 
it to rise and then fall and then rise again. The fall may be due 
to the deposition of progressively increasing amounts of 3-iron 
instead of y-iron, which occurs over about the same range of com- 
position. Above 10% silicon the results are erratic, and further 
investigation is required. It may be that the complication found 
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by Haughton and Becker! in the iron-silicon system between 
12% and 20% silicon affects the freezing points in this range. 
The alloys contained certain amounts of oxidised silicon, owing to 
their having been melted in air, but it is not thought that this 
affected the results appreciably, and it is very difficult to estimate 
silica in high-silicon compositions, which are themselves very 
resistant to solvents. It is probable that the effect of silicon on 
the carbon content of the eutectic is also similarly complicated, 
and is not to lower it linearly as is usually shown. 


1 J. L. Haughton and M. L. Becker, Journal of the Iron and Steel Institute, 
1930, No. I., p. 322. 











AND GRAPHITE SIZE OF GREY CAST IKON.—DISCUSSION. 347 P 


DISCUSSION. 


This paper was presented for discussion at the Additional Meeting held in 
London on Thursday, October 29, 1936. 


Dr. C. H. Descu, F.R.S. (Vice-President, Teddington), said 
that the paper, which was an important one, had two aspects, the 
practical and the theoretical. On the practical side, he thought 
there would be general agreement that the work which had been 
done by the British Cast Iron Research Association in the field 
in question had been exceedingly valuable. It had led to a means 
of giving control of graphite size which would be put into practice. 
He would say no more about that, but he would like to say a few 
words about the theoretical side. 

The authors had put forward an exceedingly interesting work- 
ing hypothesis, and had produced a considerable mass of experi- 
mental facts in support of that hypothesis, which did seem to fit 
the facts very well. At the same time, it was exceedingly difficult 
to picture such a process as that described. A great deal of work 
on undercooling and supersaturation had been done in the field of 
physical chemistry with solutions of salts and with fused compounds, 
and the conclusion had always been reached that supersaturation 
could not be relieved unless the nuclei which were introduced had a 
similar crystal structure to that of the solid phase which was about 
to be precipitated. That was not possible in the case under dis- 
cussion; there was no possible relation between the structure of 
graphite and the structure of the solid particles on which it was 
supposed to be precipitated. From the physico-chemical point of 
view, therefore, it was a little difficult to picture how a solid particle 
of a silicate could form a nucleus for the crystallisation of graphite. 

On the other hand, the older view of the effect of superheating 
was, he thought, not entirely to be rejected. It was true that the 
original form of it, in which it was supposed that actual particles 
of graphite remained undissolved, could not now be maintained, 
because it was known that graphite dissolved very rapidly above the 
melting point of the iron; but there was a good deal of evidence 
to show that in a molten alloy of iron and carbon there were present 
molecular groupings which corresponded with iron, with iron 
carbide and with graphite. Those molecular groupings would be 
destroyed as the temperature was raised. In inorganic chemistry 
there were many examples of that survival up to a certain point 
and gradual vanishing with superheating, and it seemed that those 
molecular groupings which had not yet reached the stage of having 
crystallised out of solution did furnish the requisite nuclei. He 
did not think, therefore, that the superheating hypothesis was 
entirely to be rejected. There were many facts, of course, which 
required explanation. 
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With regard to the effect of copper, the authors had made a very 
pretty experiment, the particles of molten copper actually having the 
same effect, apparently, as other fused inclusions; but was it 
correct to say that that molten copper coated the solid particles 
and so prevented them from offering a solid surface? It might be 
so, but he did not see any particular reason why it should be so, 
and there was no evidence yet that those particles were actually 
coated with copper. Perhaps the authors had verified that micro- 
graphically. 

The subject dealt with was only part of a much larger one—the 
effect of conditions of superheating, more particularly on the size 
and form of crystals. The authors themselves had referred to the 
analogy with the modification of aluminium alloys, a subject in 
which Dr. Gayler was greatly interested, and there were many 
other examples of the effects produced by heating a liquid to some 
distance above the melting point on the properties of the alloy 
after it had solidified. 

What he had said was not in the least intended as criticism, 
because he knew that the authors regarded what they had put forward 
as a working hypothesis which had led them to results, and they 
would not, he thought, be dogmatic as to its truth, although they 
found it very useful. He hoped, however, that these considerations 
would be borne in mind, because with regard to supersaturation 
and crystallisation from undercooled solutions there was a great 
mass of evidence from both organic and inorganic chemistry. 


Dr. Marie GAYLeER (Teddington, Middlesex), said she had read 
the paper with very great interest, because the modification of 
aluminium-silicon alloys was a subject in which she was particularly 
interested, and the authors had produced modified structures in the 
grey cast irons with which they dealt. 

The part of the research to which she wished to refer in particular 
was that in which the authors found that when the inclusions were 
surrounded by a liquid then the alloy supercooled and they obtained 
the fine structure. She would like to ask whether the converse 
held—that when there were no inclusions at all they would get a 
fine structure with really high-purity material. She had made up 
alloys with high-purity aluminium and silicon, and found that she 
could get an undercooled structure which agreed with the tempera- 
tures of freezing of modified alloys, but the eutectic, though refined, 
was not modified. In the modified structure one obtained the little 
fine, round particles, and in an undercooled aluminium-silicon alloy 
one obtained the very fine, needle-like structures. 

It seemed to her that there was something other*than under- 
cooling which caused the fine particle size. She had recently used, 
to make a 10% silicon-aluminium alloy, the highest purity metals 
which she had been able to obtain—the French aluminium, which 
contained just a trace of iron, and silicon which had been prepared 
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at the National Physical Laboratory, which contained 0-068% of 
insoluble impurities—and the cast structure, though refined, was 
not modified. She thought, therefore, that though the removal 
of these inclusions might cause undercooling, it was not always 
necessary that a modified structure should occur. In the case of 
aluminium-silicon alloys, the modifying agent, if it was sodium, 
according to the authors’ theory, should form a two-immiscible- 
liquids region (which was not yet proved), if the liquid sodium was 
to remove insoluble particles and so produce undercooling. She 
thought, however, that in that case the sodium played another part. 
Whether it was, as suggested, that one obtained an absorbed layer 
round the particles of the silicon which were crystallising remained 
to be proved, but she thought that, although the authors’ hypothesis 
was extremely interesting, there were possibilities that it need not 
be always true. 

The terms “ undercooled structure’ and “ modified eutectic 
structure ” needed explanation, since, in the case of light alloys, 
both had a very special meaning. 

Modification of a eutectic was brought about by the addition 
of certain substances which resulted in (a) refinement of the eutectic 
structure in such a manner that the normal characteristic form was 
replaced by extremely fine particles, or (6) the temperature of freez- 
ing of the alloy being lowered and falling on the supersolubility 
curve. On the other hand, by extremely rapid chilling, a normal 
alloy could be made to solidify on the supersolubility curve, but— 
and this was the important point—the eutectic structure, though 
finer, was not ‘‘ modified,’”’ but retained its normal characteristic 
structure. 

Hence, whilst it was possible to “‘ undercool” an alloy but 
not to “‘ modify ” it, the converse did not hold, #.e., ‘‘ modification ” 
must be accompanied by undercooling. 


Mr. J. H. WuHiTELEy (Consett) thought the authors were to be 
praised for the energy and persistence with which they had pursued 
their investigation of this exceedingly difficult problem. He had 
nothing to offer in the way of criticism, except that it would have 
been better if the authors could have given some illustrations of the 
inclusions they had in mind. Those shown in Figs. 7 and 8 did not 
appear to be inclusions of the non-metallic kind postulated, but 
seemed rather to be carbide of some kind. Recently, in studying 
inclusions in steel, he had noticed an effect which might possibly 
have some bearing on the authors’ work. He had repeatedly taken 
during the teeming period samples of incompletely killed basic mild 
steel from a 70-ton ladle, to which only ferro-manganese and 
0:025% of silicon had been added. In each instance, notwith- 
standing the fact that the samples were taken after the steel had 
been in the ladle for about fifteen minutes, examination showed 
that numerous light transparent globules of silica were present. 
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Those particles had been frequently described of late and were 
easily recognised. Their occurrence in the liquid steel after so 
long a period had elapsed since the additions had been made sur- 
prised him, for it was to be expected that they would have quickly 
united with the oxides of iron and manganese undoubtedly present. 
That this eventually happened was certain, for only silicates were to 
be found in the finished product. Since, therefore, particles which 
were able to combine could remain apart for a considerable time 
in molten steel, it seemed probable that the same thing could happen 
in cast iron, which might help to explain the difficulties the authors 
encountered when making titanium additions to ladles of cupola 
metal. 

With regard to the liquid inclusions which the authors believed 
to cause supercooling and consequent fine graphite, one type 
in particular had not been mentioned, that was, the oxide-sulphide 
combinations. The eutectic of this system had the lowest freezing 
point of any non-metallic inclusions that could occur in steel or 
iron. It further seemed possible that such inclusions might be 
formed by the oxidising action of the CO, used. He would suggest, 
therefore, that the authors should pay more attention to sulphur, 
especially as it was known to stabilise the carbide. Titanium 
could act in a similar way. 


Mr. E. W. Cotseck (Northwich, Cheshire) remarked that he 
would adopt Dr. Desch’s method of dealing with the paper, and 
consider first its practical and then its theoretical aspects. 

The practical aspects were extremely important, but most dis- 
appointing. The authors had found that in crucible melts they 
could refine the graphite in cast iron by bubbling CO, through a 
melt containing titanium and could produce a structure which was 
entirely supercooled. That structure might be an extremely 
attractive one from a commercial point of view. He could think 
of a number of cases in which cast iron corroded along the graphite 
flakes. Probably many members had had experience of exactly 
the same thing with both acid and alkali corrosion of cast iron, 
namely, that the corroding agent made use of the coarse graphite 
flakes which were found in certain cast irons. It wormed its way 
down these; it did not actually attack the graphite, but it attacked 
the ferrite, the carbides, and the phosphides lying alongside and dis- 
solved them away, leaving that hollow mockery of graphite plus 
oxidised materials alongside. In other words, graphitic softening, 
or something very like it, occurred in many different types of 
corrosion. ‘ 

If this modified cast iron could be put on a commercial basis, 
i.e., if the cupola melts about which the authors spoke could act 
in the same way as the tiny crucible melts to which they referred 
in their paper, that would be a fact of very considerable importance. 
He would like to ask what hope there was of obtaining a com- 
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pletely supercooled modified graphite structure throughout a 
20-ton cast-iron casting. 

Coming now for a moment to the theoretical aspect of the 
matter, the authors had suggested that what was ultimately re- 
sponsible for this modification was the presence of a low-melting- 
point titanate which coated the non-metallic inclusions and so 
rendered them, so to speak, innocuous from the point of view of 
growing large graphite flakes. He had had some experience in 
attempting to isolate residues from cast iron. It was an extremely 
difficult matter, and he was very diffident about discussing it at all, 
but he had succeeded in finding TiO, in deposited weld metal where 
titanium was definitely present in the coating of the covered 
electrode, but he had not yet succeeded in finding it in the residues 
extracted from quite a wide variety of different cast irons. It 
was again very difficult to be dogmatic on the subject, but he 
had seen no evidence under the microscope that titania existed 
in these modified cast irons; he thought there was far more evidence 
for supposing that the titanium was present there as a carbide. 
There was the well-known titanium cyano-nitride inclusion, and 
it might be assumed that that was the form in which it was present. 
In many cast irons containing titanium one had inclusions of every 
colour, ranging from deep purple down to the palest pink, or even 
white. He thought that those inclusions were more likely to be 
carbides, perhaps with a trace of nitrogen present. It seemed very 
doubtful whether the titanium was present there as a titanate. 

With regard to the question of the nuclei and the function 
that they performed, the matter was extremely complicated, and 
he thought that many people would be prepared to argue from 
either standpoint. Taking von Keil’s theory of the silicate slime, 
this postulated that if silicate slime was present then there was a 
tendency to produce a coarse form of graphite; if the silicate 
slime was absent, one obtained a supercooled fine graphite structure. 
This was very puzzling, because it was laid down in the textbooks 
that if one seeded a melt, as Dr. Desch had said, with some fine 
material of a similar crystal form to the solid phase which was 
separating out, fine crystals should be formed. Arguing on the lines 
of the authors, it was possible that silicates or titanates might easily 
result in the production of fine graphite by preventing the inclusions 
from acting as nuclei. He thought it was easily possible to argue 
on the matter from both sides, and he did not think that the authors 
had so far succeeded in proving their point. 


Dr. T. SwInDEN (Member of Council, Sheffield) thought it would 
be of interest to mention that large-scale experiments were actually 
being carried out by the United Steel Companies, and he hoped, 
therefore, that it would be possible to provide an answer to Mr. 
Colbeck’s question, in that the work was being done on quite a large 
commercial scale, with particular attention to ingot moulds. The 
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metallurgical examination was now in hand, and it was hoped 
to have available in the near future the results on ingot moulds 
treated under the authors’ direction. 


Dr. W. H. Harrretp, F.R.S. (Vice-President, Sheffield), said 
he agreed entirely with Dr. Desch that the superheating effect— 
i.e., the temperature in excess of the melting point to which the iron 
attained—had a very dominating effect on the form and size of the 
graphite. He wondered, when he read the paper, whether the 
authors had given quite the importance to that phase of the matter 
which they should have given. He was inclined to agree with Mr. 
Colbeck that the compound was most probably titanium carbide and 
not titanate. 





CORRESPONDENCE. 


Dr. H. O’NEmu (Derby) wrote that the work published in this 
paper was of promise and importance. In works trials in their 
foundries at Derby, the London, Midland and Scottish Railway had 
collaborated to a slight extent with the British Cast Iron Research 
Association. The first tests were made with shanks of cupola metal, 
the iron containing 0-9% of phosphorus and 1-2% of silicon, whilst 
about 0-10% of titanium was left in the metal. The fracture of the 
resulting castings was fairly sooty, and examination under the 
microscope showed a somewhat refined graphite size. The tensile 
properties of this titanium-treated iron cupola metal were not 
exceptional, however, though the transverse test showed a 12% 
improvement in load. Cylinder liners which had been made from 
it were now in service in the heat-treated condition, and after 
30,000 miles were performing satisfactorily. 

Since then, trials had been made with crucible-melted hematite 
iron. Three or four casts, each of about 100 lb. weight, were melted 
in an oil-fired Morgan furnace. After removal from the furnace, 
ferro-silicon-titanium (silicon, 14% ; titanium, 24%) alloy was added 
and carbon dioxide was bubbled through for 2-3 min. The 
castings were intended for details which were now undergoing 
service trials. The mechanical properties of the castings had not 
yet been examined, but the fractures of the runners were very fine, 
dark and sooty. 

The microstructure of specimens from the runners was very 
striking, and almost exactly resembled Fig. 4 of the paper, with the 
addition of a few graphitic clusters like temper carbon dotted here 
and there. The castings which had given this structure contained 
0-15% of titanium, and the Brinell number of the metal was about 
190. They believed that the process was of importance for crucible- 
melted irons, and presented no particular difficulties of operation. 
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Mr. G. F. Comstock (Niagara Falls, N.Y., U.S.A.) wrote that 
it seemed unfortunate that the title chosen for this very interesting 
paper should give the impression that it reported a study of in- 
clusions in cast iron, for on reading the paper it was found that the 
inclusions discussed were almost entirely imaginary, and that their 
existence was merely assumed to explain the refining effect of 
titanium on the graphite. Would it not be much more helpful to 
future students of the literature if this title were changed so as to 
give a less misleading idea of the real subject, which was primarily 
the effects of titanium and gases ? 

While it must be admitted that the authors had shown con- 
siderable skill and energy in proposing and defending their inclusion 
theory, its complete acceptance must depend on the discovery of 
some evidence that the fusible inclusions of some oxidised titanium 
compound really existed only in the cast irons showing fine graphite. 
The appearance of a future paper by the authors, giving such results 
as were indicated in the ‘‘ Conclusions ”’ would be awaited with much 
interest. 

Meanwhile the writer would like to propose an alternative theory 
for the authors’ consideration and criticism. Surely they must 
have noticed, in their study of the microstructures of titanium cast 
iron, the fine angular inclusions of titanium cyano-nitride (or carbide) 
which occurred in that kind of iron in amounts proportional to the 
titanium content. Some of them seemed to be illustrated in Fig. 8, 
and possibly also in Fig. 6. Those crystals certainly were solid 
before the iron froze completely, and they must therefore fulfil the 
function of any nuclei which might be required to affect the crystal- 
lisation of the iron. Why did not the authors consider them in 
connection with their theory? Their presence could be shown ve ry 
definitely with the microscope, and did not have to be assumed 
from circumstantial evidence only. 

In forging steel, which was made to have a comparatively fine 
inherent grain size, aluminium was added for the purpose of supplying 
nuclei of alumina which refined the structure either by interference 
with the grain-growth or by causing more grains to start in a given 
volume of steel. That, at least, had been the theory most generally 
accepted so far for the effect of aluminium on fine-grained steel. 
In austenitic stainless steel a grain-refining effect of titanium was 
found, in this instance apparently due to nuclei of the same titanium 
cyano-nitride crystals which were seen in cast iron. Likewise, in 
aluminium alloys, the marked grain-refining effect of titanium was 
most logically explained by the formation “of nuclei of solid TiAl, 
cry stals in the cooling liquid before solidification, so that more 
crystals of the aluminium alloy started in a given volume, and none 
could grow so large. This caused a refinement in a general way of 
the entire structure; the TiAl, crystals could actually be seen 
plainly with the microscope. Why should not the refinement of 
the grain of cast iron by titanium be explained by a similar action 
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due to nuclei of the equally recognisable titanium cyano-nitride 
crystals? If the primary austenite grains were finer, owing to 
these nuclei, the graphite separating within the grains later would 
naturally have to separate on a smaller scale, and therefore would 
be finer when cold. 

In steel, aluminium alloys, and cast iron, by that theory, nuclei 
were assumed to make the grain finer. The authors, on the other 
hand, proposed the theory that it was the absence of nuclei which 
caused a fine grain to occur by supercooling. To support their 
theory, however, they were obliged to assume the existence of 
hypothetical nuclei in their coarse-grained non-titanium irons, 
without being able to offer any direct proof of their existence, and to 
ignore the readily demonstrated existence of titanium cyano-nitride 
(or carbide) nuclei in the fine-grained titanium cast iron. The 
authors’ comments on this situation would be appreciated. 

It must be admitted, of course, that the present writer, in appear- 
ing to throw a monkey-wrench into the authors’ carefully constructed 
machinery, had not accounted for the effects of the gases, particularly 
CO, and hydrogen, which were so interestingly described in this 
paper. But might not these effects be merely additive to that of 
titanium, and not dependent on or closely connected with it? It was 
not at all improbable that cast iron was improved, strengthened, and 
refined in structure by oxidising influences, and some of the authors’ 
experiments seemed to indicate such a result, as well as the reverse 
effect due to reduction by hydrogen. Might not these effects be 
reasonably explained by the formation of additional nuclei of iron 
oxide or silica in the iron when oxidised, so that the refining influence 
of the titanium cyano-nitride nuclei was reinforced? Such an 
explanation would seem to rest on no less secure a foundation than 
the authors’ theory. 

The authors’ difficulty in securing grain-refinement by means of 
titanium additions to cupola-melted iron had not appeared to any 
important degree in connection with the use in America of the 
alloy which the authors called ‘“ ferro-silicon-titanium.’”’ That 
alloy was protected by U.S. Patent No. 1,946,670, and was designated 
as TAM foundry ferro-titanium by the manufacturer. The writer’s 
associates had seldom experienced any special difficulty in refining 
the graphite in cupola-melted cast iron with that alloy, provided 
that it was added to the iron in such a way as to dissolve effectively. 
But they did not by any means always obtain the excessive degree 
of refinement illustrated by the authors’ photomicrographs. In 
practical foundry work that was not necessary or desirable. For a 
reasonable degree of refinement the use of titanium without the 
subsequent oxidising treatment was generally sufficient. 

In their research work on cast iron they found many minor 
irregularities and unexpected occurrences which were difticult to 
explain, and had reached the conclusion that grey cast iron was a 
complicated alloy and very sensitive to many obscure factors. The 
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work with gases which the authors described seemed to bear out 
that view, and such results might well be carefully checked to 
avoid confusion. The statements that reducing conditions were 
caused by steam were surprising, and rather hard to accept when the 
oxidising nature of steam in heat treatment was remembered. 
Many factors probably entered into the causes of graphitisation and 
grain-refinement by titanium, and further discussion of the subject 
by the authors, with supporting evidence, would surely be welcome. 


Mr. J. E. Hurst (Darlaston) wrote that the authors’ work was 
of first-rate importance to the world of cast-iron metallurgy, and 
those who were members of and associated with the: British Cast 
Iron Research Association had been privileged to follow with very 
great interest the development of Dr. Norbury’s discoveries on the 
conditions controlling the graphite size in grey cast iron. He felt, 
and he was sure there were others who felt the same way, that it 
was no exaggeration to say that in the end these discoveries might 
bring about revolutionary changes in industrial cast-iron metallurgy. 
For this reason he could have wished that the authors had not 
decided to refrain from giving some of the results of the effects of 
coarse and fine graphite structures on the mechanical and other 
properties, as he was sure these would have served to demonstrate 
the real industrial importance of this work. 

As it appeared to him, the paper was a brief but concise record 
of the experimental work up to date, which had established the 
importance of titanium and the action of oxidising and reducing 
conditions in the production of coarse and fine graphite structures. 
Obviously this work had been of an exploratory character, and the 
all too brief description did not do anything like justice to the 
authors in revealing the really vast amount of experimental work 
that they had gone through. They did, however, show the complex 
nature of the problems involved, and he could assure the authors 
that all cast-iron metallurgists eagerly awaited the working out of 
the charges, melting conditions and treatments which produced 
the finest and coarsest graphite structures under commercial 
conditions. 

At the outset of the paper the authors referred to the graphite 
nuclei theory, and from their brief remarks he gathered that this 
theory was now definitely abandoned. If this was correct, it was 
a matter of great importance, as this theory had gained considerable 
currency amongst the rank and file of iron foundry metallurgists, 
largely as a result of the support it had had from Dr. Norbury and 
the British Cast Iron Research Association. The experimentally 
determined facts which were referred to and which had served to 
throw doubt on this theory, were of a comparatively simple character. 
At least one of them, viz., the rapid solubility of graphite nodules 
at temperatures as low as 900° C., had been known for a very long 
time. In view of this he suggested that it was to be regretted that 
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this graphite nuclei theory had received the volume of support 
that it had. 

The theoretical explanation of the results obtained was very 
ingenious. He felt sure that at the present stage it could only be 
regarded as a hypothesis, as the authors had not yet put forward 
any experimental evidence of the existence of the inclusions of the 
particular form and character suggested. He found it extremely 
difficult to criticise this hypothesis usefully, but he did not feel 
that it was completely satisfactory. It rested very largely on the 
existence of the so-called graphite eutectic, and this, to his mind, 
was not yet clearly established. In this connection there was a 
clear statement in paragraph (8) on p. 334P concerning the 
influence of copper “ when it was dissolved in molten grey iron in 
excess of the quantity which can be held in liquid solution at the 
temperature at which the graphite eutectic solidifies.” In a footnote 
the authors gave some idea of the quantity of copper referred to. 
He would like to ask if they could give the temperature at which 
the graphite eutectic solidified. 

The hypothesis, if it could be established, might be of importance 
from the point of view of general theoretical metallurgy. The 
authors themselves had suggested its extension as an explanation 
of the phenomenon of “ modification ” in aluminium-silicon alloys. 
He wondered if the authors had formed any opinion of the nature 
of these inclusions and the probability of their being susceptible to 
centrifugal action. If they were, it might be possible to design an 
experiment which might provide something in the nature of experi- 
mental proof of the correctness or otherwise of the hypothesis. It 
was needless for him to say that if he could be of assistance in this 
direction he would be pleased to have the opportunity. 


AUTHORS’ REPLY. 


The AvutTuors, in reply, said that they appreciated the con- 
structive nature of the contributions to the discussion. Since 
writing the paper they had made progress in the direction of pro- 
ducing the fine graphite structure from cupola melts, and they now 
had a good idea of how to operate a cupola in order to produce a fine 
graphite cast from a suitable charge of titanium-containing pig iron. 
The theoretical side of the subject had also been pursued, and a 
better understanding of the mechanism of inoculation and super- 
cooling had, it was thought, been obtained and would be submitted 
in a further paper. In this the fundamental points*raised by Dr. 
Desch and Dr. Gayler would be answered. They would like to 
acknowledge that they had found Dr. Desch’s book, ‘‘ The Chemistry 
of the Solid State,” of great value from the present point of view, as 
also had been papers by Dr. Gayler and by Dr. Gwyer and Mr. 
Phillips on the modification of the aluminium-silicon alloys. 
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In reply to one of Dr. Desch’s questions, the authors had omitted 
to record that they had intentionally added manganese sulphide to 
a melt before adding the excess copper, and under the microscope 
the copper droplets did appear to envelop the manganese sulphide 
inclusions. Mr. Whiteley’s observations on silica and silicates in 
molten steel were in line with their ideas about inclusions in some 
cast-iron melts. The inclusions could be remarkably persistent and 
difficult to remove by coagulation or by treatment with some other 
external slag. They did not agree with the suggestion that iron- 
oxide/iron-sulphide combinations were the fusible slag responsible 
for the graphite refining, since in many of the irons the sulphur 
content was only 0-03°, and the manganese was 1% or more. 
Consequently, the sulphur would probably be almost all in the form 
of manganese sulphide and not iron sulphide. Moreover, the above 
suggestion did not take into account the all-important effect of 
titanium. 

In reply to Mr. Colbeck, as stated at the outset, the authors now 
had a good idea of. how to produce fine-graphite castings from 
cupola melts and in a small cupola could now produce fine graphite 
or coarse graphite at will, from a titanium-containing pig-iron 
charge, merely by altering the way in which the cupola was operated. 
The difficulties in the production of a 20-ton casting having a fine 
graphite structure were economic rather than metallurgical. If 
such a casting could be made from crucible melts, there had for some 
time been no difficulty in its production. They did not know 
whether it would be possible to produce the fine graphite structure 
in abnormally thick sections, but they had produced it in sections 
up to about 8 in. thick. 

With regard to the identification of the titanium compound 
which caused the graphite refining, they hoped that Mr. Colbeck’s 
work on the separation of inclusions would help towards that end. 
As Dr. Swinden said, some large-scale experiments were being made 
on ingot moulds cast from titanium-containing charges, treated with 
carbon dioxide. The graphite structures of these moulds, as judged 
by test bars, were much finer than those ordinarily produced. The 
moulds were, however, made some time ago from cupola metal, and 
they felt, as stated above, that the next lot could be made with a 
still finer graphite structure, since they now understood how to 
operate the cupola in order to produce this. 

Dr. Hatfield raised the question of superheating. They could 
assure him that differences in temperature between one melt and 
another had been carefully observed and most had been carried out 
at about 1350°C. The effect of the titanium and CO, treatment 
was very striking and was not due to superheating. Dr. O’Neill 
confirmed this. Practical tests such as Dr. O’Neill and Dr. Swinden 
were making were of great value. 

A full reply to Mr. Comstock would involve restating many of 
the arguments in the paper. They would, however, make one or 
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two observations on his contribution. First, inclusions such as 
silicates were not hypothetical, but were undoubtedly present in 
considerable quantity in many cast irons, just as they were in many 
steels. They could be seen under the microscope and could be 
separated by chemical methods, although these methods had not yet 
been perfected. They did not agree with Mr. Comstock’s suggestion 
that the mechanism of the production of fine graphite was the same 
as that of fine grain in steel, although both were connected with the 
absence or presence of solid non-metallic inclusions. Fundamental 
points in connection with the fine-graphite production were that it 
was accompanied by supercooling of the eutectic and that it was 
obtained when the purest iron and carbon were melted in vacuo, as 
demonstrated by Professor Hanson. They suggested that the fine- 
graphite production was comparable with the effect of sodium on 
aluminium-silicon alloys and not with that of titanium, which had 
an entirely different action, since it refined the macrostructure but 
not the eutectic structure. The authors agreed that ferro-silicon- 
titanium additions to cupola metal seldom failed to produce a 
certain amount of graphite refining, as Mr. Comstock had shown in 
his valuable contributions on the subject. The authors, however, 
aimed at obtaining complete refinement, and particularly at con- 
trolling the graphite size and understanding what caused it to vary, 
as it was liable to do, from day to day in nearly all foundries. 

The authors greatly appreciated Mr. Hurst’s observations on the 
importance of the present problem. They had supported the 
graphite nucleus theory in 1929-30, but not since then, and although 
it had unfortunately in certain respects pointed in the wrong 
direction, yet they felt that it had its merits, since it drew attention 
to the idea that the fine graphite was due to the absence of nuclei 
and that the coarse graphite was due to the presence of nuclei. The 
freezing point of the graphite eutectic was referred to in Appendix 2. 
The freezing point of the fine graphite eutectic was bound up with a 
number of considerations, as was also indicated in that Appendix. 
Mr. Hurst’s suggestion of centrifuging melts in order to separate the 
inclusions was one which they felt might give very useful results, 
and they gratefully accepted his offer. Mr. Hurst had already 
shown that manganese sulphide inclusions in cast iron could be 
centrifuged in the way he had in mind. 
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DETERMINATION OF THE GASES IN STEEL 
BY THE HOT EXTRACTION METHOD.* 


3y G. THANHEISER (Katser-WILHELM-InstitutT FUR EISENFORSCHUNG, 
DUSSELDORF). 


SYNOPSIS. 

Survey of the process for determining oxygen.—Description of a 
new resistance furnace. Reaction of the manganese deposit with 
pure CO.—Tests for determining oxygen in cases where considerable 
manganese is present.—Sources of error when analysing the gases 
extracted. The determination of oxygen and hydrogen as an 
expedient for metallurgical research.—Summary. 


THE endeavour to increase constantly the quality of steels and 
the need to manufacture materials of uniform quality with great 
precision necessitate a thorough study of the methods of steel 
production and an accurate knowledge of the influence of elements 
accompanying the iron on the characteristics of the latter. In 
fact, systematic investigations have already been undertaken for 
some time by the Kaiser-Wilhelm- Institut fiir Eisenforschung both in 
the laboratory and on an operating scale relative to the course of 
the metallurgical reactions during the making of steel. The carry- 
ing out of these investigations demanded a further perfecting of 
the analytical methods for determining the oxygen, nitrogen, and 
hydrogen, which are present in almost all materials, even if only 
in comparatively small quantities. The elements behave char- 
acteristically in the course of the reactions; oxygen is of special 
importance and particularly the total oxygen content. For the ex- 
amination of steel products, the determination of the form of com- 
bination in which the oxygen is present is frequently of the utmost 
importance. 

The determination of the total oxygen in steel is rendered 
difficult by the fact that this element occurs in steel in various 
combinations, the properties and influences of which differ greatly. 
Again, enormous difficulties have also been encountered in the 
separate determination of the different oxides in steel, owing to 
the large quantity of iron present and the presence of the accoim- 
panying and alloy elements. 

For determining the total oxygen, the hydrogen reduction and 
the hot extraction methods have been elaborated. In liquid 
baths of steel, the total oxygen can be ascertained by a method 
in which, by adding aluminium, the whole of the oxygen is combined 
as alumina, and this can then be determined by a residue process. 

* Received July 16, 1936. 
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For taking the sample, means have been devised which enable the 
aluminium to be added to the steel at the moment of sampling.‘” 
The great advantage of this process is that the determination of 
the total oxygen can be carried out without any considerable 
expenditure on apparatus. For examining steel products, the 
process is naturally not applicable. 

The hydrogen reduction method, in which the oxygen com- 
pounds are reduced by hydrogen and the resulting water is 
weighed after absorption in phosphorus-pentoxide tubes, is applic- 
able to only a limited extent. When carbon is present, this latter 
also reacts with the oxygen of the sample, so that the carbon 
monoxide which forms must also be taken into consideration. 
Moreover, in the case of samples containing silicon and aluminium, 
determination by this method is impossible, as the oxygen combined 
with these elements is not fully reduced by the hydrogen. It is 
for these reasons that the use of the hydrogen reduction method 
has declined in recent years. When dealing with materials whose 
compositions permit of the perfect determination of the oxygen 
by this process, well-reproducible results are obtained, which can 
with advantage be used as a check on other methods of determina- 
tion. 

The numerous examinations made of residue methods of deter- 
mining oxygen, the purpose of which is to determine the different 
oxygen combinations separately, have hitherto led to very valuable 
results. Characteristic of these processes is the necessity of separa- 
ting the iron and, in some cases, also the accompanying and alloy 
elements from the oxygen compounds, and in such a manner that 
the oxygen content of the sample can be calculated from the ana- 
lytical examination of the residue. In particular, the electrolytic 
processes have been further developed for this purpose in recent 
times. Practically all the residue processes, however, have the 
disadvantage that the presence of alloy elements renders them 
useless for the determination of oxygen. 

The hot extraction method for determining the total oxygen 
contents has been developed to such an extent that, if care be 
taken of all the conditions which are of importance in the deter- 
mination, it always gives reproducible results. 

Recently, further investigations of the hot extraction method 
have been made by the Kaiser-Wilhelm-Institut fiir Eisenforschung, 
of which a short account is given in the following. The large number 
of oxygen determinations required for the establishment of the slag/ 
metal equilibria of fundamental importance to the metallurgy of 
iron and for the study of the behaviour of this element in the 
steelmaking reactions rendered it necessary to develop, besides 
the existing coreless induction furnace, yet a second apparatus for 
determining this element. At the same time, an endeavour was 
made to lower the purchase price of the oxygen-determination 
apparatus in order to make its general adoption possible. 





1e 
1) 


of 





GASES IN STEEL BY THE HOT EXTRACTION METHOD. 36] P 


For the same reason, H. Diergarten ® developed the carbon 
spiral furnace. Tests made some years ago in the Institut revealed 
certain disadvantages of this furnace. They consist in the first 
place in the fact that large quantities of metal and graphite must 
be brought up to high temperatures, which can easily lead to errors : 
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Fia. 1.—Vacuum Short-Circuit Furnace (G. Thanheiser and E. Brauns $)), 


a further disadvantage of the carbon spiral furnace is the difficulty 
of cleaning the furnace of the metallic deposits which form during 
the oxygen determination, and which influence this in a great 
measure. The metal head and cover as well as the carrier cage 
for the carbon spirals must be cleaned off with emery after every 
series of tests. In the same way, the metal coatings which have 
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settled on the cooled graphite parts must be completely removed. 
With such cleaning there is always the danger that, despite every 
care, it is not perfect enough, with the result that errors may be 
introduced into the subsequent determination. 

Recently, owing to the work of R. Castro and A. Portevin,® 
the furnace bas been further improved; the “ blank ”’ has been 
reduced to 0-2-0:3 c.c. of total gas in 15 min. at 1700° C., so that 
the determination of hydrogen and nitrogen is now also possible 
in this furnace by the method of Castro and Portevin. 

In developing the resistance furnace in the Institut, an attempt 
was made to avoid the deficiencies of the carbon spiral furnace 
referred to above. Fig. 1 shows the furnace referred to by G. 
Thanheiser and E. Brauns.” The quartz tube A is ground vacuum- 
tight on to plug B; the latter consists of two parts, the outer part C, 
into which fits the inner portion D insulated by mica and cemented 
in vacuum-tight. Both parts of the furnace are water-cooled, and 
serve for the leading in and out of current. The outer ring of 
part C’, to which the quartz tube A is ground in, is made of Invar, 
so that there is no expansion when a slight increase in temperature 
takes place. The graphite part F is screwed into the outer portion C’ 
of plug B; the inner graphite body F is screwed into part D of plug 
B. By means of the two screws, it is possible to press together the 
upper portions of the graphite parts H and F so that they make a 
good joint which conducts current well. The graphite crucible G, 
in which the sample is melted during the determination, is suspended 
within the graphite part F. On the quartz tube A is fitted the 
ground glass head H, with the sample chamber J, the suction tube 
K, and the spherical ground seating L, to which the diffusion pump 
is connected. The temperature is measured through the glass 
window M, which is cemented on dead-parallel. The quartz tube A 
is cooled by the copper coil N. The inner portion D of plug B 
terminates in ball O, by which the apparatus is attached to the 
stand devised to support it, and which is illustrated in Fig. 2 

The rectangular iron base-plate A, Fig. 2, rests on adjusting 
screws B. Straps C are fitted along the longitudinal sides of the 
base-plate. On the base-plate A are erected three stands D, EL, 
and F, the base-plates of which are polished so that they are easily 
moved on the base-plate A, also polished. When the different 
stands are in the desired positions, they are pressed against 
the base-plate by the aid of screws provided in the iron cleats G@. 
The cleats G are secured with straps C. By this arrangement the 

various stands may be kept in the desired positions exactly and 
with certainty, and the apparatus is held secure without the intro- 
duction of any undesirable stress. 

It may further be remarked that the outer graphite tube F has 
a somewhat greater wall-thickness than the inner tube #. Thus 
it serves also as a shield against radiation, though only to a limited 
degree. At a temperature of 1600°, the current required is 7-5 kW. 
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The degasification of the graphite parts is done at 1700-1750°. 
When a sufficiently low pressure has been obtained in the apparatus, 
which takes about 14 hr., the temperature is reduced to the working 
temperature, which is about 1600°. The “ blank ” for the apparatus 
is very small; at a temperature of 1550°, altogether less than 0-1 
c.c. of gas is pumped off in 10 min. The composition of the gas is 
worth noting. With a total gas volume of 0-15 ¢.c., on an average, 
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Fic. 2.—Stand for the Vacuum Short-Cirecuit Furnace. 


0-05 c.c. of CO, 0-03 c.c. of H,, and 0-07 ¢.c. of nitrogen were found. 
The proportion of hydrogen and nitrogen to the total gas contents 
is accordingly very small. The composition of the gas corresponds 
more or less to that obtained from the coreless induction furnace. 
When making comparative oxygen determinations in the core- 
less induction furnace and in the new furnace, it is found that 
with samples containing manganese, the mode of cooling the quartz 
tube very greatly influences the oxygen determination. Tests 
were first carried out, in which the quartz tube was placed in a further 
tube through which a very strong current of water flowed. The 
results of the comparative oxygen determinations obtained with the 
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new apparatus and with the coreless induction furnace are given in 
Table I., in which the samples are arranged in order of increasing 
manganese contents. In the case of samples | to 10 with low 
manganese contents, the agreement obtained is very good. With 
increasing manganese contents, however, the difference becomes 
steadily greater, and, in fact, higher values were always given by 
the coreless induction furnace. This difference is all the more 
noticeable because in principle both furnaces are built the same. 
The dimensions of the quartz tube and graphite crucible, the 


TaBLE I.—Comparative Determinations of Oxygen in Samples with 
varying Manganese Contents in the Voreless Induction Furnace 
and the Vacuum Short-Circuit Furnace. 

The quartz tube of the vacuum short-circuit furnace was thoroughly 
water-cooled. 


Oxygen Contents, %, 


| 
| Oxygen Contents, %, M —— 
etermined in the 


Determined in the— 








Sample | Mn. ene Sample Mn, = : 

No. | ‘vos Coreless Vacuum No. ‘vos Coreless Vacuum 
| | Induction (Short-Circuit Induction Short-Circuit 
| Furnace. | Furnace. | | | Furnace. Furnace 

ee! 0:01 | 0-197 | 0-207 | 9 | 0:33 | 0-020 0-020 
| 0-196 10 | 0-33 0-022 0-020 
| | 0-201 11 | 0-45 0-010 | 0-008 
me 0-01 0-185 0-188 | 0-005 
0-189 | 0-188 | 12 0-45 | 0-019 | 0-012 
0-185 | 0-012 
3 0-01 0-031 | 0-027 | 13. | 0-47 | 0-007 | 0-004 

| 4 0-01 0-037 | 0-033 | 0-002 
5 0-02 0-112 | 0-104 14 0-65 | 0-004 0-001 

| 0-112 |; 15 0-72 | 0-019 | 0-015 
| 6 0-13 0-029 0-026 | | 0-014 
a ow 0-26 0-025 0-022 | 16 | 0-72 | 0-010 0-006 
8 0-31 0-019 0-017 | | 0-010 0-007 
0-018 | 0-017 | 17 | 1:15 | 0-018 0:007 








arrangement of the device for inserting the sample and of the 
cooling head, as well as the diffusion pump for the rapid evacuation 
of the gases, the Oberhoffer pump and the analyser are exactly 
the same in both furnaces. As a difference in the oxygen deter- 
mination was obtained only with samples rich with manganese, 
the type of cooling, which was more intense in the tests in the new 
furnace described, must be responsible for this difference. The 
difference in the cooling was eliminated by arranging for the quartz 
tube in the new apparatus to be cooled by means of a copper coil 
exactly as in the coreless induction furnace (sce Fig. 1). As a 
result of this alteration in the cooling, the same values are now being 
found for samples containing 0-02-0-73° of manganese, as may 
be seen from Table II. The results given in Table III. for a series 
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TABLE II.—Comparative Determinations of Oxygen in Samples with 


Varying Manganese Contents in the Coreless Induction Furnace 
and Vacuum Short-Circuit Furnace. 


The quartz tube of the vacuum short-circuit furnace was well cooled by a 
copper coil. 


Oxygen Contents, %, | | 
Determined in the— | 


Oxygen Contents, %, 
Determined in the 








Sample Mn. — ea we Sample Mn. 

5 & | Coreless | Vacuum No. vor Coreless Vacuum 
Induction (Short-Circuit | Induction | Short-Circuit 

Furnace. Furnace. | | Furnace. Furnace. 

5 0-02 | 0-112 | O112 | 12 0-45 | 0-019 | 0-017 

S 0-31 0-018 0-019 13 0-47 0-007 | 0-008 

0-019 | 14 0-65 0-004 | 0-003 

1] 0-45 0-010 | 0-011 15 | 0-73 | 0-019 0-020 


of tests with a steel containing 0-78°% of manganese illustrate with 
which uniformity the two furnaces now operate. The samples were 
taken from a forged bar and numbered consecutively 1 to 18. 
The samples with an even number were tested in the coreless 
induction furnace, whilst those with an odd number were examined 
in the new furnace. 

Although it has long been known that with higher manganese 
contents in the samples the determination of the oxygen by the 


TABLE IIT.—Comparative Determinations of Oxygen in Samples from 
a Bar in the Coreless Induction Furnace and in the Vacuum 
Short-Circuit Furnace. 

C, 0:-40%; Si, 0°-17%; 
S, 0-:043%. 


Composition of Samples : Mn, 0-78%; P, 0-019% ; 








Sample No. | Oxygen. %. | Remarks. 
1 | 0-011 Vacuum short-circuit furnace. 
2 | 0-010 } Coreless induction furnace. 
3 0-010 Vacuum short-circuit furnace. 
4 | 0-010 Coreless induction furnace. 
5 0-010 Vacuum short-circuit furnace. 
6 | 0-009 Coreless induction furnace. 
7 0-011 Vacuum short-circuit furnace. 
8 0-010 Coreless induction furnace. 
9 0-010 Vacuum short-circuit furnace. 
10 0-010 Coreless induction furnace. 
| 11 0-009 Vacuum short-circuit furnace. 
| 12 0-011 Coreless induction furnace. 
| 13 0-010 Vacuum short-circuit furnace. 
14 } 0-010 Coreless induction furnace. 
15 0-010 Vacuum short-circuit furnace. 
16 0-010 Coreless induction furnace. 
17 0-011 Vacuum short-circuit furnace. 
18 | 0-010 Coreless induction furnace. 
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hot extraction method may easily give too-low values, there is an 
absence of systematic tests regarding the behaviour of the man- 
ganese in relation to the carbon monoxide under the conditions 
ruling during the determination of the oxygen. Tests were carried 
out in the Kaiser-Wilhelm-Institut fiir Eisenforschung by R. 
Paulus, which in the first place were aimed at establishing the 
behaviour of the manganese coatings produced by sublimation 
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Fia. 3.—Apparatus for Testing the Behaviour of Pure Manganese Coatings. 


towards pure CO. For this purpose, the apparatus illustrated 
diagrammatically in Fig. 3 was developed. It consists essentially 
of a quartz tube A, sealed at one end, the lower portion of which 
has a somewhat greater diameter. The top portion is attached 
to the upper end by a ground joint. This top partion consists 
of a tube B, in which there is a tap C with a wide bore. The temper- 
ature is measured through the glass window D, ground dead- 
parallel. The tube F, in which are the two taps F, and F4, is 
fused to the tube B of the top portion, below the tap C. Con- 
nections to the MacLeod pump and the carbon monoxide burette, 
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are fitted between the two taps F', and F,. The apparatus can be 
connected to the mercury diffusion pump by means of tap F,. 

To produce the manganese deposit on tube A, the small graphite 
crucible G, containing pure manganese, is heated in the evacuated 
apparatus by means of the high-frequency furnace H. The man- 
ganese vapour condenses on the inner surface of tube A, which is 
cooled externally by spraying by means of ring J. After the 
manganese has sublimed, the graphite crucible is lifted into the 
vertical tube B with the aid of magnet K, and the valve C is closed. 
By this arrangement it is possible to examine the behaviour of the 
manganese deposit towards carbon monoxide at different tempera- 
tures and different pressures of carbon monoxide without the 
occurrence of any disturbing side reactions with the material and 
contents of the crucible. 

The results of this test can be summed up as follows: the 
finely divided manganese has such a great reactivity with carbon 
monoxide that it can be used as a good absorptive reagent. In 
the temperature range between 400° and 750° and with carbon 
monoxide pressures up to a maximum of 60 mm. of mercury, 
absorption of carbon monoxide takes place with precipitation of 
‘arbon. The desired temperatures were obtained by sliding a 
chromium-nickel wire-wound furnace over the quartz tube A. 
Carbon monoxide was absorbed by the manganese even at room 
temperature, but at temperatures below 300° separation of carbon 
was never observed. Of particular importance for the determination 
of oxygen by the hot extraction method is the observed fact that 
the carbon monoxide absorbed by manganese is for the most part 
given off again on heating in vacuo. As an example, reference 
may be made to a result from this series of tests. At temperatures 
from 890° to 900° and a pressure of 5. 10-4 mm. of mercury, 0-0512 g. 
of manganese were sublimated in 180 min. in the device described. 
At a reaction temperature not exceeding 690°, 13-55 c.c. of CO were 
absorbed by this manganese deposit in 110 min. When the evacuated 
tube was heated to temperatures of 890° to 900°, the manganese 
deposit gave off 10-90 ¢.c. CO again, which is about 80° of the 
quantity absorbed. 

To decide the question whether it is possible by intensive 
cooling to eliminate a reaction between the carbon monoxide and 
the manganese, carbon monoxide was admitted during the volatilisa- 
tion of the manganese; the addition of the gas was effected in such 
a way that the pressure in the reaction chamber never exceeded 
1 mm. of mercury. In these tests energetic absorption of carbon 
monoxide took place, even when the tube was intensively water- 
cooled from the outside. Whether it is a question of a reaction 
between manganese vapour and carbon monoxide, or whether the 
reaction only occurred after the condensation of the manganese 
on the inner surface of the tube, it was impossible to decide. In 
any case, the tests prove that it is impossible to volatilise and 
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condense manganese under the conditions indicated without its 
reacting with carbon monoxide, even with such intensive external 
cooling. 

The results of the above tests with pure CO suggested an in- 
vestigation to determine whether, under the conditions of the 
oxygen determination by the hot extraction method, it was possible 
to drive off the absorbed carbon monoxide by heating the con- 
densed manganese afterwards. For this purpose, the apparatus 
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Fic. 4.-—-Apparatus Fitted with Graphite Bell. 


shown in Fig. 1 was altered slightly, as shown diagrammatically in 
Fig. 4. In this apparatus, bell A was introduced, which could be 
raised and lowered without breaking the vacuum. The raising 
and lowering of the bell is effected by turning tap B whereby the 
wire to which the bell is suspended is wound on or off pin C. Opera- 
tion is as follows: When removing the gas from the furnace, the 
bell, made of graphite, is lowered and likewise degasified ; it serves 
simultaneously as a radiation shield. When the desired “ blank ”’ 
has been reached, the bell is raised, and the working tempera- 
ture adjusted. After ascertaining the “blank,” the sample is 
thrown, by means of a magnet, from its chamber through the 
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aperture in the bell into the graphite crucible and the gases evolved 
are pumped off. When the pressure in the furnace chamber has 
decreased to the initial pressure again, the bell, in which the 
manganese has condensed completely, is lowered. The bell is 
quickly heated by the furnace to a high temperature, and the gas 
so liberated is likewise pumped off and analysed. By this process 
it is possible to check whether the figures obtained in the apparatus 
shown in Fig. 1 are influenced by the manganese contents of the 
samples tested. In Table IV. are recorded the results of compara- 
tive tests on the determination of the oxygen in a basic Bessemer 


TaBLeE IV.—Comparative Determinations of Oxygen in a Basic 
Bessemer Steel containing 0-52°, of Manganese. 





Oxygen, %, determined in the— 




















Vacuum Short-Circuit Furnace. _ eee 
, Vacuum Short-Circuit Furnace 
a | fitted with Graphite Bell. 
Cooling by Copper Coil— | Intensive 
Water. | |_—————__-——__——_--_- 
——— Cooling as ee With Pre- 
i - ° Without Preliminary Nase 
- — 7. With without “tes i) Gahew liminary 
W —_ — Preliminary | Preliminary ~~ ia ll — Melting. Bell 
elting. Melting. Melting. are ee Not Heated. 
0-023 0-023 0-023 0-023 0-022 0-023 0-023 0-022 0-024 
0-023 0-023 0-024 0-024 0-021 0-023 0-023 0-022 0-023 
0-024 : | 0-021 0-023 0-023 a 














steel with 0-52°% of manganese. The oxygen determinations were 
carried out in the short-circuit furnace with the quartz tube cooled 
by means of a copper coil, and with and without preliminary melting, 
as well as with intensive water-cooling. Furthermore, the deter- 
mination in the apparatus indicated in Fig. 4 was carried out 
with subsequent heating of the graphite bell. The results given 
show that only the values obtained with water-cooling lie lower 
than those given by the other methods. The statement of 
Thanheiser and Brauns that samples with higher manganese 
contents will give too-low values as a result of the excessive cooling 
of the quartz tube in the apparatus employed by them, is thus 
confirmed. 

To answer the question as to how far the use of the bell is suit- 
able for examining steels with a high percentage of manganese, 
ferro-manganese alloys, which are practically free from oxygen, 
were made. By adding some of this manganese alloy along with 
samples of a basic Bessemer steel, which was also used for the 
comparative tests given in Table I[V., the influence of the man- 
ganese content of the melt on the oxygen estimation was deter- 
mined. A characteristic example for this series of tests is quoted 
in Table V. In all the tests, the amount of manganese alloy added 
was such that there was about 1-1 g. of manganese in the charge. 
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TABLE V.—Comparative Determinations of Oxygen in a Basic 
Bessemer Steel containing 0-52°%, of Manganese and 0-023°% of 
Oxygen in the presence of 1-1 g. of Manganese. 








Test Conditions. | — | 
Vacuum short-circuit furnace; cooling with copper coil | 0-013 
| Vacuum short-circuit furnace. Intensive water-cooling 0-0007 
Vacuum short-circuit furnace with siiaeale bell; bell | 
lowered : 0-022 0-023 | 
Vacuum short-circuit furnace with suspe nded bell; bell | 
not lowered . . ; ; ‘ ; ; 0-019 | 


In the tests made with the copper coil for cooling and with a pre- 
liminary melting, the manganese contents of the charge amounted 
to about 2-4%, whilst in the other tests (without preliminary 
melting) it was about 4.2%. With these high manganese contents 
in the charge, the influence of the cooling is particularly notice- 
able. When using the copper coil for cooling the quartz tube, 
0-013% of oxygen, 7.e., about 57% of the value of the standard 
sample (oxygen, 0-023°), was found, and with water-cooling only 
0-0007%, 7.e., only about 3° of the actual value. By lowering 
the bell, the correct oxygen figure could be obtained, even though 
more than 4°% of manganese were present in the charge. But even 
the value obtained when using the bell without subsequent heating 
of the latter, namely, 0-019%, differs only slightly from the correct 
value. In this instance condensation of the manganese took 
place on graphite which was heated to comparatively high 
temperatures. 

The tests prove that the observations made when examining 
the reactions of the manganese deposits with pure carbon monoxide 
also apply in the case of oxygen determinations where varying 
quantities of manganese are present. The greater the cooling, the 
greater is the quantity of carbon monoxide which is retained by 
the manganese deposit under the conditions indicated. By sub- 
sequently heating the manganese deposit to a higher temperature, 
its detrimental influence on the determination of the oxygen can 
be minimised to a far-reaching degree. 

The varying effect of the manganese deposit under only slightly 
altered test conditions must be taken into consideration in explana- 
tion of the fact that the hot extraction method gives good repro- 
ducible values when carried out at individual experimental stations, 
but that when the method is used at different plages the results 
may differ. Just recently, the Bureau of Standards was respon- 
sible for comparative oxygen determinations being made on the same 
samples in different laboratories, some by the same and some by 
different processes. In investigating the hot extraction method, 
quite appreciable variations were noticed at the different places. 
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It would be possible for these variations to be partially conditioned 
by the varying effect of the manganese deposits. 

From the results reported, it will be seen that no generally 
applicable statement can be made regarding the manganese content 
until the determination of oxygen by the hot extraction method 
has been perfected. The permissible limit must be ascertained for 
each apparatus, because even slight alterations in the working 
conditions vary the influence of the manganese on the oxygen 
determination. 

In the systematic tests on the determination of oxygen in steel, 
an attempt was also made to combine the determination’ of oxygen 
with that of nitrogen and hydrogen. According to the literature, 
there should be no difficulty, except when determining the gases 
in the carbon spiral furnace. This determination also is now 
possible in the carbon spiral furnace according to the work of 
Castro and Portevin.® In the very numerous comparative de- 
terminations of nitrogen carried out in the Kaiser-Wilhelm-Institut 
fiir Eisenforschung by the hot extraction method and that devised 
by Wiist and Duhr“ it was always observed, however, that the 
hot extraction method always gave lower results than Wiist and 
Duhr’s method. This is particularly striking when examining 
samples with low nitrogen contents, for which the hot extraction 
method often gives negative nitrogen values. This observation 
suggests that the errors in the hot extraction determination of 
nitrogen are primarily conditioned by the process adopted for 
analysing the gas mixture. For analysing the gases Oberhoffer’s 
analyser was used, in which the gas mixture, after absorption of 
the carbon dioxide, is mixed with electrolytic oxygen and burnt 
in the explosion pipette. After the explosion, the contraction 
is measured and then the carbon dioxide is absorbed. From the 
measurements made, the contents of oxygen, nitrogen, and hydrogen 
can be calculated. 

In the tests made by H. Ploum™ in the Kaiser-Wilhelm- 
Institut fiir Eisenforschung, it was shown that there were two 
sources of error in this method of analysis. When determining 
hydrogen, hydrocarbons, carbon dioxide, &c., by the explosion 
method, small quantities of the nitrogen present are also oxidised. 
The greater the excess of oxygen used, the larger is the amount of 
nitrogen oxide produced. The increased volume contraction 
resulting from the greater consumption of oxygen indicates erro- 
neously a greater quantity of hydrogen than is actually present. 
The nitrogen determined by difference is accordingly too low. 
The results of the examination of the influence of increasing quanti- 
ties of oxygen in the explosion with otherwise approximately 
similar mixtures of hydrogen, carbon dioxide, and nitrogen, re- 
corded in Table VI., reveal clearly the influence of increasing quanti- 
ties of oxygen; the hydrogen values increase, whilst those for 
nitrogen decrease still more markedly. 
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Castro and Portevin have recently referred to the second source 
of error in this method of analysis. The oxygen used for the 


analysis, which is prepared from caustic soda solution by electro- 


TABLE VI.—Determination of Hydrogen, Carbon Monoxide, and 
Nitrogen together in the Explosion Pipetie with the Addition of 
reneged woe of — 
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Unpurified electrolytic oxygen. 


lysis with nickel electrodes, always contains small quantities of 
hydrogen and, in the course of time, some carbon dioxide as well. 
For this reason, an apparatus which completely removes the 
impurities from the oxygen was developed for making the further 
tests. 

Owing to the unsuitability of the explosion method for pur- 
poses of comparison, the combustion of the gases was effected in 
a platinum capillary by Drehschmidt’s method. The experimental 
gas used was the hydrogen extracted at 400°C. from mild-steel 
samples which had absorbed the gas by cathodic action; this 


ive Examination of Gas Mixtures of Different 
Compositions by Three Different Methods. 
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| Method of Analysis. of” 0. of” Remarks. 
eb. . 22 | 903 | 7-5 | 

| Capillary 2-7 | 90-4 | 6-9- | Oxygen not purified. 
Explosion pipette 3-7 | 91-6 46 | 

| CuO 18 | 865 | 17 /) 

| Capillary 1-6 86-3 12:0 | 

Explosion pipette 2:2 87-7 | 10-1 | 

| CuO 98 | 77:0 | 13-2 | 

| Capillary 10-2 76-5 13-3. |} Oxygen purified. 
| Explosion pipette 10-6 77-6 11-7 | 

| CuO 35-9 | 499 | 142 | 

| Capillary 35-4 50-4 14-2 

| ee = | 36-7 50-9 | 12-5 
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contains a small quantity of methane. Analysis by the explosion 
method and by combustion in the capillary yielded in this instance 
almost exactly the same values. 

Further tests were made on mixtures of hydrogen, carbon 
dioxide and nitrogen; a third analytical process was adopted, 
viz., combustion on copper oxide. The test results are enumerated 
in Table VII. In all cases, the explosion method gave higher values 
for the hydrogen and lower figures for the nitrogen than did the 
other two processes. When tests with pure gases had demonstrated 
that the explosion method could introduce errors into the hot 
extraction method of determining nitrogen and hydrogen, the 
analyser was modified by fitting a capillary after the method of 
Drehschmidt, and the oxygen used for the analysis was freed from its 
impurities. The results of the comparative tests on the determina- 
tion of nitrogen by the hot extraction method, the combustion 
being effected in the capillary and in the explosion pipette, using 
purified and unpurified oxygen, are given in Table VIII. These 


TABLE VIII.—Comparative Determinations of Nitrogen by the Hot 
Extraction Method and by the Method of Wiist and Duhr. 
Nitrogen, %, estimated by the— 





Sample | —— oe j 
No. = aoe Explosion Pipette Explosion Pipette | 
Wiist-Duhr Capillary | > Oawie ° > Oxvar 
|__Metood. | Metnod. | MS'Pariea, "| not Parole 
1 | 0-005 0-004 | 0-003 
| 0-004 0-003 
2 0-014 0-014 0-012 oe 
0-012 0-012 0-011 
| 0-012 0-011 0-009 
| 0-014 0-012 as 
3 0-018 0-016 0-016 a 
0-017 0-016 0-014 
0-017 0-014 0-015 
0-015 0-016 — 














tests also show clearly that the nitrogen contents determined 
by the hot extraction method, using a capillary for combustion, 
agree quite well with the values obtained by the process of Wiist 
and Duhr. The values given by the explosion pipette all lie some- 
what lower. The difference in the case of samples with low nitrogen 
contents is the most conspicuous of all. 

By using capillaries for the combustion of the gas mixture in 
the hot extraction method, it is possible to combine the determina- 
tion of hydrogen and nitrogen with that of oxygen. The final 
tests in this direction are still going on. 
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EXAMPLES OF OXYGEN AND HyDROGEN DETERMINATIONS FOR 
METALLURGICAL INVESTIGATIONS. 


After this brief survey of analytical work which has recently 
been carried out on the determination of oxygen, nitrogen, and 
hydrogen in steel in the Kaiser-Wilhelm-Institut fiir Eisenforschung, 
a few examples from the practical work of the Institut will be 
given to show how valuable these analytical methods are as an 
aid in metallurgical research. 

Fundamental for the knowledge of the reactions that occur 
in steelmaking on a basic hearth are the relations between iron 
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Fic. 5.—Solubility of Oxygen in Iron under Oxide Slags. 





containing manganese and slags consisting practically of only 
manganese oxide and ferrous oxide, which have been determined 
by F. Koérber and W. Oelsen. For these tests, the oxygen con- 
tents of the metal bath were always determined by the hot extrac- 
tion method. Fig. 5 shows the dependence of the oxygen solubility 
and of the lower-oxide slag on the temperature, as revealed by this 
work. The maximum amount of oxygen which the iron can hold 
in solution at a certain temperature depends upon the ferrous 
oxide content of the slag. With increasing temperature, as will 
be seen from Fig. 5, the value for the partition coefficient, 
L = (O,. 100)/(FeO), becomes greater. 

These conditions hold good for carbon-free iron containing 
manganese. But if the iron contains carbon, then the oxygen 
contents of the bath can also react with the carbon of the iron. 
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H. C. Vacher and E. H. Hamilton ® have established the equilibrium 
conditions between the carbon and oxygen contents of the bath. 
In these tests, the oxygen was determined partly by the addition of 
aluminium according to Herty’s method and partly by the hot 
extraction method. The results of these tests are reproduced in 
Fig. 6; they refer to a temperature of 1620°. According to them, 
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Fic. 6.—Equilibrium between Carbon and Oxygen in Steel Bath at 
1620° C. (H. C. Vacher and E. Hamilton). 


in the equilibrium condition, higher oxygen contents in the steel 
bath can only occur with very low carbon contents. Under favour- 
able conditions the reaction of the carbon with the oxygen contents 
of the bath proceeds very rapidly, as has been shown, for instance, 
by tests on the metallurgical course of the basic Bessemer process. 
In Fig. 7 is illustrated the change of concentration of carbon and 
oxygen during a basic Bessemer blow." As will be seen from the 
concentration diagram, the reaction of the carbon with the ferrous 
oxide contents of the bath proceeds so rapidly that, in spite of 
the large supply of oxygen from the blast, the oxygen content of 
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the bath remains very low during the decarburising period. Not 
until after the “ transition stage,’ when the carbon has for the 
most part been burnt out, does the oxygen content of the steel 
bath increase very rapidly. The dotted-line curve reproduces the 
oxygen values which must be attained according to the equilibrium 
curve of Vacher and Hamilton for the carbon contents at various 
moments, if the carbon equilibrium in the basic Bessemer process 
were to be attained with infinitely great velocity. 
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Fia. 7.—Oxygen Concentration in Steel Bath during a Basic Bessemer 
Heat. 


For the great speed with which the oxygen contents of the 
bath can react in favourable circumstances, investigation of the 
metallurgical working of the basic Bessemer process gives still 
a second proof in the relationship between the oxygen contents 
of the bath and the speed of dephosphorisation. Dephosphorisa- 
tion sets in only slowly at the start of the blow unde the initially 
acid slag. After the change of the character of the slag caused 
by the solution of lime and owing to the great increase in the ferrous 
oxide content of the bath after the removal of the major portion 
of the carbon, favourable conditions are created for the combustion 











— a. 





GASES IN STEEL BY THE HOT EXTRACTION METHOD. 377 P 


of the phosphorus. This sets in with great rapidity after the 
change in the character of the slag. It finally proceeds so 
violently that the oxygen supplied in the blast is no longer adequate 
for the combustion of the phosphorus, and, despite the constant 
supply of oxygen, the metal bath undergoes powerful deoxidation. 
This deoxidation during the most intense combustion of the phos- 
phorus is to be seen in Fig. 7. The sudden reduction in the oxygen 
content when the combustion of the carbon is complete is caused by 
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Fia. 8.—Equilibria between Iron Melts and Ferro-Manganese Silicates. 


the violent combustion of the phosphorus. In other series of tests, 
the deoxidation of the bath due to the combustion of the phos- 
phorus could be observed even better; the oxygen content of the 
bath dropped from 0-078°, to 0-056%, and then rose again after- 
wards. 

The equilibria of reactions between carbon-free iron and silica- 
saturated ferrous-manganous oxide-silicates—fundamental to the 
steelmaking process on the acid hearth—have likewise been deter- 
mined by F. Korber and W. Oelsen."” In Fig. 8 are reproduced 
their equilibria of these reactions for a temperature of 1600°; 
according to this, molten manganese-free iron, in equilibrium 
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with molten silica-saturated ferrous oxide-silicates, absorbs consider- 
able amounts of oxygen. The silicon contents of these heats is 
extremely small. When small amounts of manganese are added to 
these melts, the manganous oxide content of the slag increases 
very rapidly, the ferrous oxide content decreasing correspondingly. 
Similarly, as the ferrous oxide in the slag becomes replaced by 
manganous oxide, the oxygen content of the melt decreases, and, 
in fact, in the concentration range investigated, the ratio of the 
oxygen content of the melt to the ferrous oxide content of the slag 
remains almost constant. Hence, when the metal and slag are in 
equilibrium, the oxygen content of the iron is determined solely 
by the ferrous oxide content of the slag. 

In an investigation on the course of the reactions in the acid 
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Fic. 9.—Comparison between the Oxygen Contents of an Acid Open-Hearth 
Heat as calculated from the total ferrous-oxide content of the slag and 
as determined by the hot extraction method. 


open-hearth process,”” it was observed that the oxygen content 
of bath was always appreciably lower than was the value calculated 
from the ferrous oxide contents of the slag. In Fig. 9 the calculated 
oxygen contents are indicated together with those determined by 
the hot extraction method. The difference between the oxygen 
contents calculated from the ferrous oxide contents of the slag 
and those actually determined can also be explained by the re- 
action of the carbon in the bath with the ferrous oxide contents. 
In these tests it was possible to compare the oxygen values obtained 
by the hot extraction method with those given by the chlorine 
residue process. By the chlorine residue process the exact de- 
termination of the oxygen combined with silicon is possible. By 
comparing the results given by the two processes, it was possible 
to investigate the question as to what proportion of the total 
oxygen in the samples tested was combined with silicon. It was 
found that the agreement between the results given by these two 
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processes is extremely good. The chlorine residue process, in which 
the oxygen combined with silicon is determined, yielded values 
lower by only 0-001-0-002% on the average than those of the 
hot extraction method, in which the total oxygen is determined— 
an indication that in the samples examined almost the whole of 
the oxygen is combined with silicon. 

The examples quoted show that the determination of oxygen 
in the investigation of metallurgical problems can no longer be 
dispensed with. Even for judging the influence of different 
procedures on the oxygen content of finished products, the deter- 
mination of the oxygen is of paramount importance, as will be 
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Fic. 10.—Deoxidation by Addition of Ferro-Manganese. 


seen from Fig. 10. In this is shown the influence of the temperature 
and of the condition of aggregation of the ferro-manganese used for 
deoxidation and of the working time of the charge on the progress 
of deoxidation of basic Bessemer steel. The charges which were 
finished in the converter with the red-hot ferro-manganese gave 
the lowest oxygen contents in the finished samples, whilst those 
deoxidised with cold ferro-manganese had the highest oxygen 
contents. A particularly large decrease in oxygen was noticed 
during the freezing of the ingot in the mould, which is easily ex- 
plained by the deoxidation diagram drawn up by F. Korber and 
W. Oelsen. 

In addition to investigations on the determination of oxygen 
in steel by the hot extraction method, just recently a still greater 
need has arisen for the development of an impeccable process for 
determining the hydrogen in steel. In investigations made in the 
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Kaiser-Wilhelm-Institut fiir Eisenforschung on the absorption of 
hydrogen by iron and its influence on the properties of the material, 
the hydrogen capable of diffusion was determined by a vacuum 
extraction of 400°. F. Kérber and H. Ploum “® have shown that, in 
addition to the hydrogen which is capable of diffusion, combined 
hydrogen can also be present in the steel. The influence of hydrogen 
(capable of diffusion) absorbed by steel on the properties of the 
material has been more closely examined by P. Bardenheuer and 
H. Ploum.“” 

H. Bennek, H. Schenck, and H. Miiller “® have shown that the 
hydrogen can participate to a considerable extent in the formation 
of flakes in steel. C. Drescher and R. Schafer" observed that 
by heating cast-steel samples for 60 hr. at a temperature of only 
100°, a large increase in the elongation and reduction of area was 
obtainable. They assumed that the low values for the elongation 
and reduction of area are attributable to the effect of the hydrogen 
in the material, which is driven out by the heating. 


TaBLE [X.—Deformability and Hydrogen Contents of Newly-Rolled 














Rails. 
| Tensile | pionga- | Reduc- | Hydro- | 
Steel Sample Preliminary Strength. Ti “| tion of gen. 
a e | No. Treatment. Kg. per a Area. | C.c. per 
| 8q. mm. ia 9 100 g. 
(a) Open-hearth 1 As received; immediately 88-0 9-1 10 2-13 
steel. tested. 
2 Samples heated for 1 hr. at 88-7 13-1 20 0-10 
200°. 
3 Samples kept 7 weeks. 89-0 12-9 21 0-10 
4 Piece of rail kept 7 weeks. 86-0 12-3 19 0°37 
| (b) Basic Bessemer 1 As received; tested 5 days 76-5 119 15 3°25 
steel. after rolling. 
2 Samples heated for 1 hr. at 76:7 18-1 34 0-48 
| 200°. 
| 


























F. Koérber and J. Mehovar “” observed that a single heating of 
newly rolled rails to 200-600° results in a very appreciable increase 
in the elongation and reduction of area in the tensile test without 
any alteration in the tensile strength. Prolonged storage of the 
sample led to the same result. In order to obtain data on the 
hydrogen contents of the specimens and on the alteration in the 
reduction of area and elongation, tensile test-pieces and also samples 
for nitrogen determinations were taken at the Kaiser-Wilhelm- 
Institut fiir Eisenforschung from the head of a newly rolled open- 
hearth steel rail. The tests were first made on material in the as- 
received condition, secondly after heating for 1 hr. to 200°, and 
thirdly after storing the finished turned samples and the rail for 
seven weeks. The results are recorded in Table IX. The influence 
of the hydrogen content of the sample on the elongation and reduc- 
tion of area is clear. 
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The statements made demonstrate the great value of the methods 
of determining oxygen and hydrogen for metallurgical research 
and in practice. The hot extraction method of estimating oxygen 
makes possible the simultaneous determination of oxygen, hy drogen, 
and nitrogen. This possibility and the knowledge that these 
determinations are also important in practical operation have led 
to the ever-widening application of these methods in works 
laboratories. 


SUMMARY. 


An account is given of investigations on the hot extraction 
method which have been carried out in the Kaiser-Wilhelm-Institut 
fiir Kisenforschung. By means of a few examples of work performed 
in the Institut, the great value of oxygen and hydrogen determina- 
tions as an aid in metallurgical research and practical investigations 


is demonstrated. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf, on Monday, September 21, 1936. 


Dr. T. SwinpEN (Member of Council, Stocksbridge, near 
Sheffield) said Mr. Thanheiser’s paper was particularly welcome at 
the present time. The report by the United States Bureau of 
Standards on the samples that had been examined by a large 
number of laboratories all over the world, referred to on p. 370 P of 
the paper, had not yet been issued, but it was known that con- 
siderable divergence in the results had been obtained. The Insti- 
tute’s Committee on the Heterogeneity of Steel Ingots had appointed 
a small panel, of which he was Chairman, to examine and present a 
considered statement of the recommended processes for the hot 
extraction and the best chemical method for the determination of 
oxygen in steel. It was gratifying that complete agreement now 
existed between the National Physical Laboratory and Sheffield 
University in the results obtained by the hot extraction method, 
notwithstanding the existence of certain differences in the con- 
struction of the respective equipments. The hot extraction 
apparatus in the speaker’s laboratory had also just been completed. 

It was confidently anticipated that no difficulty would be 
experienced in placing before the members at a comparatively 
early date a clear statement of the recommended procedure for the 
hot extraction method. It would be realised, therefore, that the 
present paper was of extreme interest to those concerned in that 
work. He would leave it to those who had had greater experience 
in the hot extraction method to deal in greater detail with the 
apparatus which Thanheiser and Brauns had devised. It was 
clear from the results, however, that a thoroughly reliable and 
workable piece of equipment had been provided. The author’s 
experimental work on the effect of manganese was particularly 
convincing, and the further experimental evidence provided by 
him of a comparison of three different methods of examining the 
gas mixtures was also very useful. 

There could be no question whatever as to the importance of 
determining the oxygen, nitrogen and hydrogen in steel. There 
was serious ground for the belief that a determination of the oxygen 
would go far towards explaining certain physical characteristics. 
It was definitely known that nitrogen had an important effect on 
the mechanical properties and that, suitably controlled, it bid 
strongly to be regarded as a useful alloying element. Similarly, 
there was little doubt that the future would see far greater atten- 
tion paid to the influence of hydrogen, in regard not only to sound- 
ness but to its influence on certain types of physical defects. 

Notwithstanding this, and with full appreciation of the value of 
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the results to be obtained by the hot extraction method, it must 
be admitted that the value obtainable for the total oxygen content 
was only of a certain limited value when applied to the examination 
of a sample of steel. It was clearly of extreme importance to 
know what proportion of that oxygen existed respectively in the 
form of iron oxide, manganese oxide, silica, alumina, &c. For 
that reason, microscopic examination for non-metallic inclusions 
must remain an important method of determining the quality of 
steel. By that method and that method alone could one obtain 
information as to the size, type and distribution of non-metallic 
inclusions, which in most cases were largely oxides. For a similar 
reason, one persisted in an endeavour to perfect a chemical method 
for the separation of non-metallic inclusions followed by an analysis 
of the residue into the respective oxides. 

In Britain it had been decided to concentrate on the alcoholic 
iodine solution method, and intensive research was now proceeding 
in order to fix the limitations of the method and devise ways and 
means of reducing those limitations. It had been fully demon- 
strated, for example, that it was necessary to take certain pre- 
cautions to avoid serious interference by sulphides, and it could 
readily be demonstrated that carbide-forming alloying elements 
interfered, although the alloying content might be quite small. 

In the speaker’s laboratory further attention was being given 
to the hydrogen reduction method. It was realised that an appre- 
ciable carbon content tended to interfere, but it was believed that 
it might be possible to obtain, by the hydrogen reduction method, 
a quick result for the FeO and MnO content. 

In his opinion, in making a post mortem examination of a sample 
of steel, or in sampling steel during manufacture, one was not so 
much concerned with the oxygen content of the silica, alumina, &c., 
which might exist in the form of non-metallic inclusions ; as before 
stated, microscopic methods were more valuable in that direction. 
What one was concerned with was the content of dissolved FeO. 
If the hydrogen reduction method could produce an accurate result 
for the FeO (and MnO) content, it could be applied with advantage. 
Alternatively, they were keenly attracted to the idea of fractional 
vacuum fusion on the lines described by Reeve.! They believed 
that that method also promised to provide data on the FeO and 
MnO content by means which could be applied in a routine manner. 
No doubt some of their American friends would contribute informa- 
tion on that point from the further work that had been carried 
out on the other side of the Atlantic on that subject. 

The author referred to the Herty method, whereby samples of 
liquid steel were treated with an excess of aluminium and the 
resulting alumina was determined, from which the oxygen content 
of the sample was computed. That method had much to commend 


1 American Institute of Mining and Metallurgical Engineers, 1933, July, 
Contribution No. 56. 
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it from the point of view of expediency, but a lengthy investigation 
in the works with which he was associated had not led to its adop- 
tion. After careful investigation they had been unable to correlate 
the oxygen value obtained by that method with the rate of carbon 
drop, manganese content, manganese losses or the properties of the 
resultant steel. The author was no doubt aware, however, of the 
suggested improvement in the method of obtaining a sample for 
this purpose which was described by Kalling and Rudberg.t Those 
authors claimed much more satisfactory results by abstracting a 
sample from the liquid bath into a special mould, whereby it was 
deoxidised in situ, thus avoiding any absorption of oxygen during 
the casting of the sample, or entrapped furnace slag. 

The section of the paper dealing with examples of oxygen and 
hydrogen determinations and their bearing upon metallurgical 
investigations was most interesting. He would like to refer to 
just one of those, namely, the difference in ductility obtained on 
rails tested immediately after rolling and after standing for certain 
periods of time, dealt with on p. 380P. It was most interesting to 
note that the hydrogen content appeared definitely to be correlated 
with the increase in ductility obtained. Some five years ago he 
himself had carried out a similar series of tests, with the following 
results. A 95-lb. rail of basic open-hearth steel was taken having 
the following analysis : 

Carbon. Manganese. Silicon. Sulphur. Phosphorus. 
0-62% 0:72% 0-15% 0-037%, 0-040% 
Duplicate pieces from different parts of the rail were tested at the 
time interval set, and by allowing the rail to stand for 28 days the 


elongation increased from 9-75% to 15-75%. Adjacent duplicate 
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pieces were tested in the test-house of the railway company with 
precisely similar results. He had subsequently carried out a more 
extensive research on this subject, including mild and medium- 
carbon steels. It might be stated that the effect was not so pro- 
nounced in the case of the milder steels, and a further point of 
interest was that normalised specimens of rail steel did not show 
this improvement in elongation with the passing of time. Un- 
fortunately, facilities for hot-extraction examination of the speci- 
mens were not available when that work was carried out, and it 
was therefore of particular interest that the evidence now presented 
by the author appeared to provide an explanation of the improve- 
ment in ductility as a function of reduced hydrogen content. 

The effect of the time interval between the rolling and the 
testing of steel rails was shown in Table A. 

In conclusion, he would again assure the author of the interest 
that his paper had created among British metallurgists. The 
information contained therein would be given the closest attention 
in the execution of their own researches on this subject. 


Professor Dr.-Ing.e.h. W. EILENDER (Aachen, Germany) said 
that the influence of the manganese deposit in its relation to carbon 
monoxide absorption had already been noted in the past. In this 
connection, qualitative tests had also already been made in order to 
determine the effect of different degrees of cooling. It was im- 
portant to realise that the error due to carbon monoxide absorption 
became greater as the cooling became more intense. This proved 
that it was really a question of absorption, and not of chemical 
reaction. 

Secondly, the evacuation had to be considered, inasmuch as 
the carbon monoxide absorption decreased as the rate of evacuation 
increased (wide tubes, efficient pumps). 

When considering the manganese coating, it was similarly 
necessary to take into account the effect of aluminium coatings. 
This effect was of special note at the present day, as the question of 
deoxidation by aluminium had become more and more important. 
The subsequent elimination of carbon monoxide was also important. 
This problem had frequently arisen in connection with his work, 
and he had considered the possibility of continuously heating the 
points of resistance in order thus to lower or reduce the absorption 
of carbon monoxide. The difficulties involved were, however, 
considerable. It would mean giving up water-cooling in favour of 
mercury-cooling, which had already been applied with success in 
connection with discharge valves. However, the greatest difficulty 
would be the problem of sealing. In Aachen they were at the 
present moment working on these problems. 

Secondly, there was the nitrogen determination and the error 
introduced thereby. This had, in the meantime, been eliminated 
in Aachen, and a report would shortly be made in this connection. 

1936—ii cc 
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He had replaced the spark gap by heating coils, and expected from 
the latter the same favourable action as from the Drehschmidt 
capillary. 

Finally, there was the determination of hydrogen. He con- 
sidered that the chief merit of the author’s investigation lay in this 
direction. The important influence of hydrogen on the quality of 
steel had been ascertained by the detailed work of the Kaiser- 
Wilhelm-Institut. If it were possible to obtain simultaneously an 
exact determination of the hydrogen, then this would undoubtedly 
be a considerable advance, which would permit the hydrogen 
determination to be transferred from the research laboratory to 
the works laboratory. In this way, it would be possible to approach 
the final goal which Oberhoffer had already had in mind—namely, 
the application of the hot extraction method to the total deter- 
mination of all the gases. Oxygen, nitrogen, and hydrogen could 
thus be determined, not only in a research laboratory, as was to-day 
the case, but also in an up-to-date works laboratory for the control 
of the quality of steels. 





CORRESPONDENCE. 


Mr. René Castro (Ugine, Savoie, France) wrote congratulating 
the author on the neat construction of the short-circuit furnace 
which, in collaboration with Dr. Erwin Brauns, he had evolved, 
and which combined the electrical stability and ease of feeding 
of the resistance furnace with the low “ blank ”’ corrections of the 
induction furnace. The only inconvenience of this new type of 
furnace in regard to its use in industry appeared to be of a mechani- 
cal nature, and lay in the multiplicity of ground joints in metal, 
glass or quartz, which rendered the apparatus fragile and neces- 
sitated adjustments of high precision that could not be made with 
the usual means available in industrial laboratories without constant 
recourse to a specialist constructor. 

Specialists in the hot extraction method should be much obliged 
to the author and Mr. Ploum for having determined the cause of the 
important analytical error arising from the combination of part of 
the nitrogen with the combustion oxygen during the explosion of 
the mixture. That reaction, though pointed out long ago in text- 
books on analytical chemistry,! had not so far been taken sufficiently 
into account. 

He wished to ask the author for his opinion regarding another 
source of error, originating this time in the interpretation of the 
significance of the ‘“ blank” corrections. The most generally held 
opinion so far was that the hydrogen and nitrogen liberated in the 
“blank ” were derived from the air and the hydrogen of the moisture 

1 Treadwell, ‘‘ Quantitative Analytical Chemistry,’’ lst French edition 
(5th German edition), 1912, vol. II., p. 720. 
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adsorbed by the graphite or the metal and glass parts of the furnace, 
which were not completely eliminated during the preliminary re- 
moval of the gases. During the determination of the “ blanks ”— 
that was, after the furnace had been degasified and the temperature 
lowered, and before the first analysis—the liberation of hydrogen 
and nitrogen was practically constant with time, and one could speak 
of an “ equilibrium of flow,” the quantity of gas liberated per unit 
of time—that was, the rate of liberation of the gas—being, for a 
given apparatus, a function of the total pressure and of the tempera- 
ture of the furnace. For carbon monoxide the phenomena were 
likewise of the same order, with a further complication arising out 
of the very slow reduction of traces of ash existing in the graphite.? 
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So far it had, therefore, been considered that this parasitic 
liberation of gas should remain constant throughout the duration 
of the analysis of a sample and that it was sufficient to deduct 
from the total quantities of gases collected the corresponding para- 
sitic quantities proportional to the time taken for the analysis. 
This procedure appeared to him (Mr. Castro) to be erroneous, for 
the following reasons : 

(a) Taking as an example the case of nitrogen ; before the intro- 
duction of the sample there was a partial pressure of nitrogen, py,, 
within the furnace corresponding to a rate of evolution of nitrogen, 
vy,. During the melting of the specimen and the liberation of the 
nitrogen contained in it, py, rose rapidly, passed through a maxi- 

1 Q. Meyer and R. J. Castro, Archiv fiir das Hisenhiittenwesen, 1932-33, 
vol. 6, p. 191. 
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mum, and then diminished slowly. Now, it did not seem at all evi- 
dent that if py, increased vy, should remain constant; it seemed 
very probable, on the contrary, that the increase of py, would in- 
volve a corresponding decrease of vy,, which could even become 
negative—in other words, if the nitrogen pressure rose suddenly, 
even for a short period, the parasitic liberation of adsorbed nitrogen, 
already very feeble, might be stopped, and might even be replaced 
by a momentary re-adsorption of that gas. The original conditions 
would be set up again, in principle, only when py, had returned to 
its initial value, that was, towards the end of the extraction, as was 
shown diagrammatically in Fig. A. Instead of corresponding to the 
area of the rectangle oaa,f, the parasitic liberation of nitrogen during 
the analysis would actually be represented by the algebraic sum of 
the areas oaa, + a,a,f — a,a.4,, which might even be negative. 
By assuming a correction equal to the area oaa,f, one committed an 
error of omission represented by the area aa,a,. 

(b) It was equally not impossible that vy, might be diminished 
not only by an increase of py, but also by a rise in the partial pres- 
sure of the other gases such as CO and hydrogen. 

The following experimental facts appeared to support this hypo- 
thesis : Analysis of the “ blanks,” though representing small quan- 
tities of gas, like the analysis of the total quantity of the gases derived 
from the sample, had never given a negative value for nitrogen. 
The values for the total gases became negative in some cases only 
where the corresponding “blank” corrections were subtracted. 
It was to be noted, further, that such results were obtained, in 
general, in the analysis of samples containing relatively much oxygen 
and little nitrogen (point (b) above). 

Further, it was known that if a certain quantity of gas were intro- 
duced into a hot extraction furnace, so setting up a momentary 
increase of pressure, it was not completely extracted instantaneously 
by the pump, but a certain time, often fairly long,1 was required 
for its entire removal. That proved that adsorption of the gas 
occurred, which was incompatible with the simultaneous liberation 
of the same gas in the form of the “ blank.” 

If, thus, an error of omission in the estimation of nitrogen could 
occur owing to the formation of NO,, that error, though large (up to 
33% according to Table VI.), seemed to be increased considerably, 
until it exceeded 100% in certain cases (negative values) owing 
to the incorrect interpretation of the significance of “ blank ” 
corrections. 

In the case of carbon monoxide, both errors were of the same 
“sign” and negative. For hydrogen they were of opposite signs, 
and it was not possible to say, a priori, which was the greater. 

In any case, it was to be noted that such errors were generally 
small and would not give rise to erroneous interpretations in the 


1 R. Castro and A. Portevin, Archiv fiir das Hisenhiittenwesen, 1935-36, 
vol. 9, p. 562, 
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majority of technical problems in practice, where the oxygen and 
nitrogen contents were high enough for the relative error to remain 
low. Further, they became all the smaller as the rise of pressure 
during the introduction of the specimen decreased—that was, as 
the evacuation of the gases from within the furnace was accelerated. 
The point of view changed when it was necessary to estimate accur- 
ately very small quantities of oxygen and nitrogen, for example, 
for the determination of equilibrium conditions, and likewise for the 
determination of very small quantities of hydrogen. In the latter 
case—now an actuality since recent researches on the origin of flakes 
—although he (the writer) had shown that this determination could, 
in principle, be carried out even in the graphite-spiral furnace 
(Castro and Portevin, loc. cit.), it seemed illogical to use an apparatus 
and temperatures more specially suited for the estimation of oxygen 
in steel. For the study of this particular problem it seemed better 
to use a very simple type of special furnace, with the least possible 
area of adsorptive surfaces and in which heavy samples could be 
heated. That operating procedure being, he thought, the one 
adopted at the Kaiser-Wilheim-Institut as a result of the numerous 
researches of Dr. Ploum, he (the writer) desired to ask what type of 
furnace has been adopted for the estimation of hydrogen, and whether 
the temperature of 400° permitted of the complete extraction of the 
hydrogen in the metal / 


Mr. G. PHracmMeén (Stockholm, Sweden) wrote that the author 
had studied and overcome two important difficulties in the hot 
extraction method for the determination of oxygen in steel. , The 
reaction between carbon monoxide and metal vapours and deposits 
on the walls of the vacuum apparatus had been discussed many 
times before. The observation reported by the author on the carbon 
monoxide given off by a manganese deposit at a temperature below 
900° was very interesting. Thus, it should be possible to condense 
manganese vapour, mixed with carbon monoxide at a low pressure, 
without having the manganese deposit contaminated with oxide, if 
the temperature was suitable. It could be calculated from the 
observations of Aoyama and Oka ! that the equilibrium pressure of 
CO in the presence of manganese, MnO and graphite should be 
approximately 108 atm. at 900°C. The formation of manganese 
carbide should reduce the equilibrium pressure somewhat; the 
pressure inside the quartz tube was, however, of the order of 
10-6 atm. The result of the calculation was in accordance with 
the author’s experimental result. It was evident that the affinity 
between manganese and oxygen was smaller than one had believed 
earlier. 

If aluminium (or some other substance with a great affinity for 
oxygen) should be present in the deposit, it might be preferable to 
use a quartz tube, cooled as much as possible. 

1 Science Reports of the Téhoku Imperial University, 1933, vol. 22, p. 824. 
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He (Mr. Phragmén) had found that the errors caused by metal 
vapour and deposit could be reduced if the graphite crucible was 
closed with a graphite filter as described by Ericson and Benedicks.! 
The filter was more reliable if the spherical graphite plug was re- 
placed by a conical plug. He would also direct attention to the fact 
that Sloman? used a directly water-cooled quartz tube and a rather 
simple plug, evidently with satisfactory results. A very low pressure 
in the reaction tube should help to decrease the losses. 

The observations on the gas analysis methods, as reported by 
the author, should be taken into consideration, and the full report, 
which was to be published, would surely add valuable information. 
It was evident that considerable errors could occur in gas analysis, 
and authors of papers on the hot extraction method should publish 
a full description of the gas analysis methods which they used. 


Mr. P. Kiincrr (Essen, Germany) wrote that he had frequently 
observed, in the case of specimens containing aluminium, that the 
oxygen results obtained by the hot extraction method in the carbon 
spiral furnace were lower than, for instance, the oxygen value 
calculated from the alumina content found by the Herty method. 
As it was always possible to show the presence of aluminium in the 
metal deposits, it could undoubtedly be assumed that aluminium 
had the effect of lowering the oxygen for the same reasons as 
manganese. Perhaps the author would use his new testing equip- 
ment to extend his investigations in this direction. 

The investigations made in the Kaiser-Wilhelm-Institut on the 
simultaneous determination of oxygen, hydrogen, and nitrogen by 
the hot extraction method had shown that the former lack of success 
in the simultaneous determination of these gases when using the 
carbon spiral furnace could be traced back to the use of the explosion 
method, and to the contamination by hydrogen of the oxygen pro- 
duced electrolytically for the analysis. It was already known to some 
extent that both objections were sound, so that the proposed 
improvement in the gas analysis was to be regarded as a considerable 
step forward. 

The author had proposed a heating temperature of 400° for the 
determination of the hydrogen by the hot extraction method. In 
this way the diffusible hydrogen was to be obtained, while the 
hydrogen given off at higher temperatures was to be present in the 
steel in a combined form. He had observed that in the vacuum 
extraction method only steels charged with hydrogen gave off 
considerable quantities of that gas at 400°, while the hydrogen 
contents determined at higher temperatures were low in comparison 
with the former. In the case of normal specimens, i.¢., specimens 
not specially charged with hydrogen, the reverse was the case: 


1 G. Ericson and C. Benedicks, Jernkontorets Annaler, 1931, vol. 115, p. 549. 
2 H. A. Sloman, “ Sixth Report on the Heterogeneity of Steel Ingots,”’ 
1935, p. 71. 
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here, frequently, no hydrogen, or only very little, was found at 
400°, and the remaining larger quantity could only be determined 
after further heating up to approximately 1000°C. He had 
found methane in only very rare cases, and then only in infinitesimal 
quantities. If the opinion was correct—and the investigations so 
far made seemed to confirm it—that he was dealing in the one case 
with free and in the other case with combined hydrogen, then he 
thought it essential to characterise the determined hydrogen quan- 
tities in this sense, and it would thus be wrong to speak only of the 
hydrogen content of the steel, more especially when the determination 
had been made at 400°. 

As had been mentioned by the author, recent developments had 
taken place particularly in the electrolytic method of carrying out 
the residue process, in which the individual oxygen compounds 
could be determined separately. Colbeck, Craven, and Murray ! 
had presented a very complete paper on the determination of 
non-metallic inclusions in steel and iron at the present meeting ; 
however, they did not consider the electrolytic methods to be very 
suitable, but thought them only applicable to low-carbon steels. 

The chemical laboratories of Friedrich Krupp, A.-G., in Essen, 
had for some years concentrated on the isolation and determination 
of electrolytic residues, and they had obtained useful results also 
in the case of higher carbon contents. The method worked out 
by them, which would shortly be published, was based on Benedicks’ 
theoretical considerations of the deposition potentials. The 
separation took place in a nitrogen atmosphere in a sealed apparatus, 
while the electrolyte proposed by Benedicks was adhered to. By 
carrying out the separation in a moving electrolyte, it was possible 
to avoid any generation of oxygen at the anode and to maintain 
constant the anode potential and the pH value of 7+ 0-2. The 
solution charged with iron salts was drawn off continuously through 
an ultra-filter, while the quantity of electrolyte removed was 
constantly replaced from a container. Under these conditions, 
besides large quantities of carbides and small quantities of metallic 
constituents, all the protoxides and sulphides of the iron and 
manganese were obtained undecomposed in the residue. 

Prolonged tests had led his collaborator, W. Koch, to find an 
organic acid with which the manganous oxide could be extracted 
from the residue without affecting the other manganese-bearing 
constituents of the residue. The iron and manganese sulphides 
could be determined in the extraction residue. In another portion 
of the residue the ferrous oxide was separated from the carbides, 
sulphides and metallic constituents by means of a copper bromide 
solution. 

For the investigation of the small residues micro-chemical 
methods were used, which had been specially evolved for these 
purposes and which generally had a sensitivity of 0-01 mg. 


1 This Journal, p. 251 Pp, 
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By means of the above-mentioned method, silica, alumina, 
ferrous oxide, manganous oxide, iron sulphide, and manganese 
sulphide could be determined in a single test. The values obtained 
were reproducible when the same material was tested repeatedly. 





AUTHORS REPLY. 


The AvuTuor, in reply, stated that comparative oxygen deter- 
minations by the hot extraction method had also been carried out 
by the Kaiser-Wilhelm-Institut fiir Eisenforschung in collaboration 
with other laboratories, and, despite the very different apparatus 
used, very satisfactory agreement had been obtained. A great deal 
of attention had also been given at the Institut to the determination 
of the individual compounds of oxygen in steel as well as the total 
oxygen content, and for a long time the estimation of alumina and 
silica had been carried out regularly. Further, comparative tests 
by the hydrogen reduction and the hot extraction methods had also 
been made. 

In the construction of the gas analyser, they had also considered 
the use of the heated spiral for the combustion of the gas mixture, 
but preference had finally been given to the Drehschmidt platinum 
capillary. 

Besides the investigation of the effect of the manganese content 
of the specimen on the results of the hot extraction method, the 
influence of aluminium had also been examined; the results of 
these tests would be published in the near future. The estimation 
of the diffusible hydrogen by vacuum extraction at 400°C., as 
suggested by F. Korber and H. Ploum,! had been applied in par- 
ticular to the investigation of the absorption of hydrogen by iron 
and its influence on the properties of the material. It was true 
that the temperature at which hydrogen determinations made in 
this way were carried out must be given, because it was not the 
total hydrogen but only the diffusible hydrogen that was being 
determined. The total hydrogen must be estimated by extraction 
at high temperatures, such as were used in the hot extraction method. 

The apparatus developed was comparatively simple to mani- 
pulate and required no more careful attention than did the carbon 
spiral furnace. Owing to the low “ blank ” values, it was usually 
unnecessary to apply corrections to the results, so that no errors 
could be introduced into the method in that way. 

1 Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenferschung, 1932, 
vol. 14, pp. 229-248. 
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THE PRACTICAL IMPORTANCE OF THE 
DAMPING CAPACITY OF METALS, 
ESPECIALLY STEELS.* 


By Prorsssor Dr.-Inc. O. FOPPL, V.D.I. (Dmector oF THE WOHLER 
Institute; TEcHNICAL HicH ScHooLt, Brunswick). 


SUMMARY. 


Under cyclic stresses well within the fatigue limits, many steels 
exhibit appreciable plastic strains. The “damping capacity” 
depends on the ratio of the plastic to the elastic strain, and is best 
defined by the non-dimensional ratio % obtained by dividing the 
area of the hysteresis loop by the strain energy stored in the extreme 
positions of the cycle. 

Damping does not foretell impending fatigue failure, nor does it 
tend to disappear under prolonged cyclic stressing. On the contrary, 
it is capable of dissipating an unlimited amount of energy in heat 
without damage to the material. Ultimate damping, i.e., the steady 
value attained after some millions of cycles, is often considerably 
greater than initial damping. 

Unlike most other mechanical properties, the value of ¢ is not 
affected by weak spots and is independent of the form of the speci- 
men. The value of ¥ is of great importance as a criterion of suit- 
ability, (1) because a high value of % confers notch-toughness in 
fatigue, and (2) because it controls the amplitude of undesired and 
often dangerous vibrations at critical speeds. 

The paper mentions five different methods of measuring y in use 
at the Wohler Institute, and between which good agreement has been 
obtained. The method of free torsional vibrations receives pre- 
ferential treatment, and the Féppl-Pertz apparatus is described in 
some detail. Damping curves are given for different materials, 
including a range of crankshaft steels. Damping in torsion is 
compared with damping in flexure. The limits within which damp- 
ing is independent of frequency are also discussed. 

The great and increasing importance of the damping capacity of 
materials in many different fields of engineering is illustrated by 
reference to aerial cables, aeroplane wings and propellers, crankshafts 
of internal combustion engines, steam turbine blades, and welded 
versus riveted construction. Finally, attention is focused on the 
need for finding a ductile steel which will give high damping at low 
stresses. 


1.—Cycnic STRAINS WHICH ARE PARTLY PLASTIC. 


In making calculations to fix the dimensions of structural members 
or machine parts, it is usual to assume that the elastic limit of the 
material is nowhere exceeded. According to this assumption, the 
straight line (1) in Fig. 1 exhibits the relationship of stress to strain 


* Received June 15, 1936. 
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when cyclicly varying load causes the stress to alternate between 
two equal and opposite limits + o,. 

Contrary to this assumption, all ferrous materials used in 
construction can withstand a certain amount of plastic, as well as 
purely elastic, distortion, for an indefinite number of stress cycles, 
without risk of ultimate failure. In this case, a hysteresis loop 
such as (2) in Fig. 1 is gone through during each stress cycle. The 
greatest stress o, causes, not only the elastic strain ¢,,;, but also 
the plastic strain ¢,,,, which latter remains as “‘ permanent set ”’ 
after the load is removed. It has been established that many steels 
can sustain considerable components of plastic strain (e.g., ¢,) = 
0-1 ¢,;) for thousands of millions of stress cycles without deteriora- 
tion. As regards the practical behaviour of machine parts, it is 
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Fic. 1.—Stress-Strain Diagram. 


precisely this ability to endure repetitions of plastic strain which 
often proves of crucial importance. 

For several decades, theory has occupied itself with the con- 
sideration of cyclic strains which are partly plastic, but the method 
of approach has been very curious. It has been tacitly assumed 
that the plastic component of strain increases directly as the 
frequency, without making any experiments to test whether 
the assumption was justified. 

The theoretical treatment is greatly simplified by making the 
assumption that damping forces are directly proportional to the 
velocity, and the mere fact that it renders calculation easy has 
sufficed to tempt writers to proceed on the hypothesis that 
“‘ mechanical hysteresis ”’ or “ internal solid friction ’’ varies directly 
as the speed of deformation. ‘To Rowett belongs the credit of 
having demonstrated by experiment that the damping of mild 
steel—or its “ elastic hysteresis,”’ as he still calls it—is independent 
of the speed of deformation. The work of Rowett was transcribed 
into German by Grammel.® Since then, Dorey ® has read a paper 
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in England which deals with the importance of internal damping 
in crankshafts. Dorey made his measurements mainly on crank- 
shaft steels, and investigated their damping capacities under various 
conditions. In America, the importance of damping capacity in 
practical materials testing has been pointed out by Peterson and 
Moore. More recently, the full significance of the dissipation of 
vibrational energy in heat has been trenchantly brought home 
to the layman in an informative paper by Bacon,’ while in America 
the damping of materials was comprehensively discussed following 
on a lecture by Brophy. 


2.—PLaAsTIC COMPONENTS IN CycLic STRAINS ARE NOT SIGNS OF 
IMPENDING FATIGUE FAILURE. 


What a change has come over our attitude to the damping of 
metals within the last ten years is seen from the following incident : 
In the year 1927, a competition was held in Germany for the best 
essay on useful methods of testing materials. The prize was 
awarded for a work by Welter,” which dealt mainly with the 
precise determination of the elastic limit. Welter had voiced the 
—at that time—universally approved belief, that it was just as 
serious to exceed the elastic limit as to exceed the fatigue limit. 
Consequently, it was of the utmost importance to determine the 
elastic limit with the greatest possible precision. To-day, after 
the lapse of only nine years, totally different views prevail in regard 
to this issue. 

If one casts one’s mind back to the views in vogue only a few 
years ago, one must admit that people came near to accepting as 
axiomatic that evidence of damping was in fact the first indication 
of the onset of fatigue damage. So long as there was no experi- 
mental evidence to the contrary, it was so easy to assume that 
every material could only dissipate a certain quantity of energy 
by internal damping, and that after this limited amount of energy 
had been expended failure by fatigue would ensue. But actually, 
all experiments directed to establish the existence of such a definite 
and limited capacity on the part of any given material to dissipate 
energy by internal friction have yielded negative results. For 
steel, at any rate, it has been positively proved experimentally 
that the capacity for dissipating energy in the form of heat by 
damping is unlimited, and that the process can be continued 
indefinitely without any risk of ultimate failure by fatigue. 

The author himself carried out a test in alternating torsion 
which was continued for three years at a frequency of 700 cycles 
per min. At each reversal, the specimen suffered a considerable 
amount of plastic deformation (Y = 0-5).* The rate of dissipation 

* The symbol % denotes the area of the hysteresis loop (Fig. 1) divided by 
the energy stored up elastically in the extreme position, viz., the triangular 
area hatched diagonally. The significance of this quantity is more fully 
considered in Section 3. 
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of energy into heat due to damping was sufficient to maintain 
the specimen at a temperature of over 100°C. above the room 
temperature. After 1,100,000,000 cycles, the test had to be in- 
terrupted without result, ¢.e., the specimen was still unbroken and 
showed no sign of damage. 

Damping is no indication of impending fatigue failure, nor 
does it become exhausted in course of time (i.e., after a certain 
number of stress cycles), as has been assumed and asserted by a 
number of scientists up till only a few years ago. The truth is 
that damping depends very greatly on the amplitude of swing 
(t.e., on the maximum strain), on the temperature of the specimen, 
and on other special conditions of the test, and, to a not inconsider- 
able extent, on the number of stréss cycles which have been com- 
pleted. But it does not change in the sense that damping capacity 
becomes exhausted in course of time. There are, indeed, a number 
of steels and other alloys whose damping capacities under repeated 
reversals of stress increase quite considerably up to a certain number 
of reversals (e.g., 2 or 10 million), when a steady state is reached 
at which the damping remains constant so long as the impressed 
conditions of the endurance test do not suffer any change. 

Thus it is seen that the damping capacity is a property of 
genuine practical importance in judging materials, and that it can 
be relied on to the same extent as can the breaking extension of 
the steel of a machine part, which remains unchanged in magnitude 
after running for 30 or 100 years. As a result of the research 
work of the last few years, no mechanical engineer should cherish 
the illusion that working stresses in a material such as steel can 
be kept within a range which is purely elastic. On the other hand, 
it is now known that in many cases it is precisely by taking advantage 
of the damping capacity of a material that it is possible to protect 
it from overload. One takes advantage of the fact that under 
cyclic loading, considerable components of plastic strain can be 
withstood for an indefinite number of stress cycles, so securing the 
advantage of protection against fatigue failure under vibrational 
stresses. 


3.—DEFINITION AND MEASUREMENT OF DAMPING CAPACITY. 


After these preliminary remarks, let us concern ourselves with 
damping phenomena and their measurement. In the reports of 
the Wohler Institute, the author has introduced the term 
“ Déimpfungsfahigkeit’? (damping capacity). This newly coined 
word has been adopted in Germany, while in other gountries, ¢.g., 
England, the expression “ elastic hysteresis”’ is still commonly 
used. To the author, the expression “elastic hysteresis’ seems 
to be singularly inappropriate, as hysteresis certainly does not 
arise from the elastic but from the plastic part of the deformation 
which accompanies the elastic part. To be exact, one should speak 
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of the hysteresis arising from the plastic strain which accompanies 
the elastic strain. The corresponding term employed by Brophy 
is ‘ damping capacity.” * 

Now, when a German technician is entrusted with the honourable 
mission of expounding his views to an English audience, he finds 
himself at a double disadvantage; for not only do the two related 
peoples speak different languages, but they also likewise employ 
different weights and measures. In such acase, it is particularly con- 
venient if one can express the results of measurement in figures which 
are dimensionless, and so need no conversion to be understood. So, 
with the object of facilitating the universal comprehension of 
scientific discussions, the author has consistently striven to render 
damping magnitudes dimensionless by referring them, not to stress, 
which involves dimensions, but to non-dimensional strains. 

There are two ways in which one can express the damping capacity 
of a material corresponding to an assigned strain : 


(1) by the ratio 4 of the plastic strain ¢,; to the elastic 
strain ¢,), or 

(2) by the ratio ) of the area of the stress-strain hysteresis 
loop ((2) in Fig. 1) (symbols: o, ¢ for normal stress and strain ; 
+, y for shear stress and strain) to the work of deformation 
stored in the extreme position, viz., the area in Fig. 1 hatched 
diagonally. 

One may picture the process as carried out on a small element 
of the material, thereby obtaining values which do not depend 
on the form of the specimen and so represent characteristics inherent 
to the material. The damping, 7.e., the ratio of the plastic strain 
to the total strain, is then a property of the material, which manifests 
itself when an elementary cube of it (say of edge length 1 mm.) 
is taken through a cycle of stress varying between assigned limits. 
This is a great advantage in comparison with the results of the 
static tensile test, for instance. For in the latter, on the one hand, 
the measured ultimate strength only holds for the weakest cross- 
section; and, on the other hand, the percentage elongation is 
greatly affected by the ~/A/I ratio of the specimen. The ultimate 
stress and breaking extension referred to a unit cube of the material 
would naturally vary considerably according to the form of specimen 
used in the tensile test. On the other hand, in damping measure- 
ments, every element of the specimen contributes a definite amount 
to the total damping, depending on the limits of cyclic stress to 
which it is subjected. 

It is true that it is only the sum of all these elementary amounts 
that one measures, by various methods to be discussed later. Still, 
one can so arrange matters as to vary the maximum stress and obtain 


* “Damping capacity” (in some cases contracted to ‘“ damping ”’) has 
been used as the translation of Ddmpfungsfdhigkeit throughout this paper. 
(TRANSLATOR.) 
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Fic. 2.—Mean Damping Ratio % for torsion specimens of circular cross- 
section, in relation to the angle of surface shear y, (Appenrodt ®)). 
Points marked © show conditions at the fatigue limit in alternating torsion. 


Curve for bar 857 coptinues to point © at yp = 0-00273, ym = 1-16. 
Ourve for bar 42.11 continues to point © at y, = 0-00230, ym = 1-02. 
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MECHANICAL PROPERTIES OF CRANKSHAFT STEELS REFERRED TO IN FIG. 


| | | | 
| “ ¢ Cc 2 | a . : . 
} Fatigue Limit in | Ultimate Damping Ratio in 








Test 5 ‘Tensile | bere See ey yaad | Alternating Torsion, ygchw— 
Bar | —. | “rp, at20°O,” | ((*Sehw),_ 9198) | na re see 
No. | Tons per 4 in. | Tons persq.in. | sulnneras * | at 20°C, | at 120°C 
779 | 65:5 | 34-2 | 19-4-20:0 | 0-036 0-038 
786 | 75-5 | , | 20-2 | 0-031 0-033 
799 70-89 | 406 | 199-206 | 0-012 0-012 
805 | 47-5-51 | 22-2 16-2 | 0-150 0-238 
825 | 57-63-5 | 31-1 | 19:5-20-4 | 0-078 | 0-089 
839 | 38-444 | 20-3 | 17-5 | 0595 | 0-820 
846 52°5 30-5 18-1 | 0-160 | 0-175 
857 32-37 | 12-7 | 13-3 1-160 a 
861 41-48 | 26-0 | 16-4-17-3 0-250 0-282 
867 49-5 | 20-3 | 17-4-18-4 0-315 | 0-347 
871 49 | 20-3 17-5-18-3 0-298 | 0-376 | 
875 41 165 | 144-155 0-698 | 0-860 | 
879 | 41-44 16-5 | 15-4 0-723 | 0-770 | 
883 | 61-0 31-1 | 19-8-20-4 0-090 | 0-105 
887 61-5 os | 20-6-21-1 0-068 | 0-080 
899 | 355 | 11-4 | 10-4-11-0 1-02 | 0-115 | 


The wediation of rigidity of the aw steal vested beeen een 51: 50 pry 5430 
tons per sq. in. at 20° C., and was about 24% less at 120° C. 


The above table has been compiled from “‘ Die Dampfungsfaihigkeit von 
Kurbelwellenstahlen im kalten und warmen Zustand bei Anlieferung und im 
Dauerbetrieb,” by Dr.-Ing. August Appenrodt : ae des Wohler- 
Instituts, 1935, No. 24. See also Stahl und Eisen, 1935, vol. 55, p. 964. 


ANALYSES AND HEAT TREATMENTS OF CRANKSHAFT STEELS REFERRED 
To IN Fie. 2. 

Bar 779.—0°32% C, 0-50% Mn, 0-:21% Si, 0-:015% P, 0-023% S, 0-84% Cr, 
3 Lie, ti 0.Q. $20° C., T. 530° C. 

Bar 786.—0-41% €, 0-49% Mn, 0-34% Si, 0-022% P, 0:023% S, 118% Cr, 
2: 64%, Ni, 0-25% Mo, 0:98% Ww. 0.Q. 820° C., T. 530° Cc, 

Bar 799.—0-16% C, 15% Cr, ig 0% W, 42 2 5% Ni. 0.Q: 850° C., T.-600° C, 

Bar 805.—Same as bar 799. Annealed 850° C. 

Bar 825.—0:35% C, 1:3% Cr, 0:-40% Mo, 2:0% Ni. O.Q. 870° C., T. 590- 
600° C. 

Bar 839.—0:29% C, 0-60% Mn, 0-26% Si, 0-022% P, 0:025% 8S, 0-55% Cr, 
2:03% Ni. A. C. 900° C., WwW 4 880° C., ~anneale d 670° C. for 14 hr. 

Bar 846.—0:36% CG, 0-72% Mn, 0- 30% 0:022% P, 0:008% S, 0-02% Mo, 
1- 05% Cr. A. C. 900° Ur, or 0. 840° C., heated i in lead at 640° C. 

Bar 857.—0-35% CG 0:80% Mn, 0:35% Si, 0-035% P, 0:035% S. Normalised 
at 870° C. in air, heated at 660-670° C. for 3 hr., furnace-cooled. 

Bar 861.—0-25-0-32% C, 0:4-0:8% Mn, 0:35% Si, 0-5% Cr, 0-035% S, 
pag | P, 15% Ni. °0.Q. 850° C., heated at 650-620° C. for 
1 hr., 

Bar 867.—0-24% an 0: 30% Si, 1:06% Mn, 0-014% P, 0-019% S. No heat 
treatment after forging. 

Bar 871.—Same as bar 867. 0.Q. 850° C., T. 610- 620° C., A.C. 

Bar 875.—0:36% C, 0-65% Mn, 0-30% Si, 9:015% P, 0- 016% 8 S, 0:59% Ni, 

003% Cr. 0.Q. 850° C.. “T. 610 620° C. furnace-cooled. 

Bar 879. ite as bar 875. O.Q. 850° Cn = 650° C., furnace-cooled. 

Bars 883 and 887.—0-34% C, 0:35% Mn, 0:35% Si, 0-:017% P, 0-022% 8, 
2:038% Ni, 1-34% Cr, 0: 42% Mo. O.Q. 850°C., T. 630° C., 
furnace- cooled. 

Bar 899.—0-22% C, 0:27% Si, 0:70% Mn, 0-04% P, 0:02% 8. Annealed at 
860° C., A.C. 
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various integral damping values. From the results one can deduce 
the damping of a single element—.g., an element of the surface—and 
obtain in this manner a single value, viz., the “ surface damping,” 
which depends only on the corresponding magnitude of the cyclic 
stress, viz., the “surface stress.” Or, instead of expressing the 
surface damping in terms of the surface stress, we may express it 
in terms of the corresponding strain, viz. the “ surface strain.” 

Special difficulties arise in the construction of this curve of 
damping for the exterior surface when the plastic strain is not small 
in comparison with the elastic strain (e.g., ¢,; > 0-1 ¢,,), as in such 
cases the surface stress can only be estimated in a way which is 
rather troublesome. This is a special question which has been 
dealt with in Section 10 of the author’s book “ and it will not be 
dealt with here. 

As a rule, it suffices for practical purposes to obtain the curve 
of the mean damping ratio. An example is shown in Fig. 2 taken 
from the work of Appenrodt.” The curves shown in this figure 
have been derived from tests on round test-bars. They represent 
the mean damping ratio ) over the whole cross-section plotted 
to a base of angle of surface shear y). Corresponding values of 
surface stress ty are obtained by multiplying +, by the modulus of 
rigidity,@G. Asacircle has the same shape in England asin Germany 
and the value of z is—thank goodness !—the same in both countries, 
Fig. 2 happily needs no redrawing or new scales to make it corre- 
spond with any system of units differing from those employed in 
the work of Appenrodt. 

For an elementary cube of material at any point in a test-bar 
there exists : 


(1) A certain stress. 

(2) A certain strain. 

(3) A certain ratio of plastic to elastic strain, i.e., a certain 
damping capacity. 


In evaluating a test, the stress at the point of rupture depends 
a great deal on the fortuitous distribution of weak spots. The 
ultimate strength is not a mean value, but a least favourable 
value. This applies especially to fatigue tests, in which the condi- 
tion of the outer surface has a very considerable influence on the 
measured value of the fatigue strength. Likewise, breaking elonga- 
tion depends a good deal on the form and surface finish of the 
specimen. As is well known, the percentage elongation is con- 
siderably greater on a gauge-length of 5 diameters than on a gauge- 
length of 10 diameters. With regard to damping, the case is quite 
different. The values of damping capacity ascertaintd by experi- 
ment have nothing to do with the chance presence of tiny weak 
spots, for they are mean values averaged over the whole volume 
of the gauge-length. Taking two specimens of different dimensions 
prepared from what is really the same material, identical damping 
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curves %) = f(y) are obtained from each specimen, provided 
that the influence of the ratio gauge-length/diameter has been 
eliminated by referring the damping ratio to the external surface. 

The difference between the results of damping measurements 
and the estimation of the fatigue limit can be further clarified by 
examination from another point of view. If we consider a specimen 
subjected to cyclic stress which at no point exceeds the fatigue 
limit of the material, there are only two independent quantities— 
stress c, and strain e—to be found for any element. The experi- 
mental results can be alternatively represented by either of the 
curves : 


o = fle) 
or = =f'(e). 


Denote the ratio o/e by EF, i.e., put E = o/e. 
For small values of the strain c, # = Ey, where EF, is Young’s modulus. 
When ¢ is no longer small, we can write 

E = E, — AE. 
Here E, is the stretch modulus, supposing perfect elasticity, and 
AE is an additional term which depends upon the plastic strain 
of the material. 

Hitherto, interest has only been taken in the value of Ey. But 
the second term AZ also possesses much practical interest. The 
relationship between AZ and the damping ratio ¥ is given by the 
equation : 


1 AE 
bao. 7: 


So long as AF is small in comparison with /,, the value of 
the non-dimensional constant ¢ is approximately 0-2. 


4.—DAMPING UNDER SHEAR STRESSES AND UNDER NORMAL 
STRESSES. 


The question of how the danger of breakage under shear stresses 
stands in relation to the danger of breakage under normal stresses 
has already been very thoroughly investigated. But as yet, not 
much research work has been done to determine how the damping 
ratio under cyclic normal stresses can be deduced from damping 
data obtained from experiments using alternating torsion. So far 
as the author is aware, the only researches at present available 
in this line are those of G. Schaaf and J. Schmidt,4 who 
experimented with steels, copper alloys, and light-metal alloys 
with the object of comparing the damping properties found in 
bending and in torsion. To do this in a satisfactory manner in- 
volves obtaining damping values which are independent of the 
form of the specimen and relate to shear stress alternating between 
certain limits ++ and to normal stress alternating between 

1936—ii DD 
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certain other limits + o. Schmidt did not employ the damping 
ratio ~, but the energy converted into heat per unit volume per 
cycle. This damping constant 6 has the dimensions cm.kg. per 
c.c., or inch-pounds per cu. in. 

Both the investigators mentioned above found that damping— 
like fatigue failure—depends mainly on the value of the shear 
stress. So, to compare the damping set up by a uniaxial normal 
stress o due to bending with that due to a shear stress + produced 
by torsion, we must choose $c = + approximately. For instance, 
in Fig. 3, taken from the work of Schmidt, the surface damping 
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Notre.—The damping loss in the surface of the torsion specimen is plotted 
against the surface shear stress, and that in the extreme fibres of the bending 
specimen against half the normal stress. 


capacity 9) of a steel of 33-5 tons per sq. in. tensile strength is 
plotted against t), and }o,, respectively. It is seen that the two 
curves are only displaced from each other by a small amount. 
The two curves would practically coincide if the damping capacity 
for bending was plotted against 8o where in this case 8 = 0-57. 
For different steels, the value of the coefficient ® varies between 
0-53 and 0-60. According to the researches of Schmidt, the only 
exception to the previous statement occurs in the case of electron, 
for which he found 6 = 0:36. So, according to these results, the 
damping of electron in bending proves to be unusually small in 
comparison with the damping under torsion. 


can be approximately deduced from the damping in torsion given 


For all the metals 
investigated, with the exception of electron, the damping in bending 
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by Uo = f(t) OF vo = f(yo), by putting + = 40,, where o, is the 
greatest longitudinal skin stress due to bending. 


5.—MEASUREMENT OF DAMPING CAPACITY BY BENDING TESTS 
AND ToRSION TESTS. 


The damping capacity can be measured either by means of 
cyclic bending tests, in which case the damping ratio ¥ is obtained 
in relation to the greatest longitudinal strain ¢), or by tests in 
alternating torsion, which give ¥ in relation to the surface angle 
of shear y), which, when multiplied by the modulus of rigidity G, 
yields the surface shear stress t,. It has already been stated in 
Section 4 that, according to the work of Schmidt,2” one curve 
can be deduced from the other with a close degree of accuracy. 
Consequently, it is only necessary to obtain one or other of the curves 
by experiment. Inthe Wohler Institute, for the sake of convenience, 
it is the damping curve ¥ = f(y.) in alternating torsion which has 
generally been selected. 

The determination of the damping with the help of torsional 
oscillations, rather than by bending experiments, secures the 
advantage that the torsional specimens are of circular cross-section 
in which the distribution of stress follows a specially simple law. 
From the mean damping ratio curve 4 = f;(yo), the surface damp- 
ing ratio curve %) = f(y) can be deduced without much trouble. 
The surface damping ratio Y, is that value which is independent 
of the specimen form and the method of carrying out the test. 
The surface damping ratio 4, only depends on the condition of 
stress in an element; or, two elements in specimens of different 
shapes (e.g., one of round, and the other of square cross-section) 
have equal values of ¥,, provided that the limits of cyclic stress 
are the same in both elements and both specimens are made of the 
same material. 


6.—THE Dampinc CAPACITY AFFORDS A MEANS OF GAUGING 
THE SERVICE VALUE OF MATERIAL. 


Up to the present, practical engineers, the whole world over, 
have not troubled their heads about damping capacity. This 
indifference has militated against a wise discrimination in regard 
to the selection of material. In support of this statement, here is 
an instructive example, which has recently come within the author’s 
experience : 

A short time ago, Sonnemann “” was working in the Wohler 
Institute on an ordinary brand of commercial steel. The intention 
was to compare the damping curves obtained in reversed bending 
and alternating torsion. Bars of a much-used standard steel were 
procured. The bars differed in cross-section in order to make it 
easier to machine the two sets of specimens, which needed to have 
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different dimensions. It was naturally assumed that both bars, 
being of ostensibly the same material and giving the same tensile 
strength and percentage elongation, would have something like 
the same damping capacity. But it was found that the two damp- 
ing curves exhibited discrepancies which could not possibly be 
attributed entirely to the fact that one bar was tested in torsion 
and the other in bending. So Sonnemann concluded his investiga- 
tion by planing down part of the bar from which the torsion speci- 
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Fig. 4,—The Great Difference in Damping obtained from separate bars of the 
same consignment of standard mild steel (Sonnemann ‘!*)), 
Notre.—Both curves were deduced from tests on flat bars in reversed 
bending. 


mens had been cut so as to obtain specimens which could be tested 
in bending. He was then able to make a direct comparison between 
bending tests on both bars. 

The damping curves obtained are reproduced in Fig. 4, from which 
it will be seen that for the same limits of bending stress, the damping 
capacity of the bar first used for making torsion specimens possessed 
8-10 times the damping capacity of the other bar, though both 
curves relate to bending tests and both bars were supposed to be of 
the same steel. 
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In view of this experience, it is not to be wondered at when two 
duplicate machine parts made from the same standard steel behave 
very differently in service. The author cannot help thinking that 
it would be very useful to those proposing to use a certain steel 
if they would interest themselves, not merely in its tensile strength 
and percentage elongation, but also in its damping capacity, which, 
at the very least, has quite as much to do with how the material 
will stand up to its requirements. 


7.—TuHE REASONS wHy A MATERIAL OF High DAMPING CAPACITY 
Is SUPERIOR TO ONE OF Low Dampina CAPACITY. 


In practice, there are two ways in which plastic strains are of 
special consequence : 

(a) According to the elastic theory, which postulates the strict 
validity of Hooke’s law, there are severe local concentrations of 
stress at certain tiny spots such as flaws, surface scratches, &c., 
which may amount to from twice to five times the surrounding stress. 
In consequence of these stress-raising effects, fatigue cracks are 
particularly prone to start from surface blemishes. Different 
materials differ greatly in their degree of sensitivity towards un- 
avoidable surface blemishes caused by tiny flaws or inevitable 
tool marks or abrupt changes of section. The property of the 
material which is intended to define the behaviour of the material 
in this respect is termed “‘ notch sensitivity.” 

If a material is able to endure an indefinite number of cycles 
of alternating stress, and the corresponding cyclic strains are not 
purely elastic, but include considerable components of plastic 
strain, this can be taken to indicate that its notch-sensitivity is 
small. The effect of the plastic part of the cyclic strain is to render 
the stress concentration at discontinuities less severe than it would 
be if the cyclic strain was purely elastic, because the parts of the 
material which are most heavily stressed suffer particularly severe 
deformation. Thus, the effect of plastic strain is to lessen the 
intensity of a peak stress by spreading it over a wide area. On this 
account, the danger of starting a fatigue crack is diminished. But 
as we have seen in Section 3, the greater the plastic strain, the 
greater is the damping capacity. It follows that damping capacity 
is likewise a measure of notch sensitivity, in the sense that if the 
damping capacity increases, the notch sensitivity falls off. 

(6) By undergoing the changes corresponding to the hysteresis 
loop (Fig. 1), energy in the material is converted into heat. Now, 
when a machine part is thrown into vibration by a periodic exciting 
force in tune with its natural period of vibration, the amplitude of 
swing is held in check, or “‘ damped,” in consequence of the energy 
which is dissipated as heat. Hence, in the case of machine parts, 
which in the ordinary way are not overstressed, except in so far 
as they are liable to experience undesired vibrations, the resistance 
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to fatigue failure depends essentially on the area of the hysteresis 
loop, #.e., on the damping capacity of the material. If a material 
possesses high damping capacity, it means that it will not be so 
severely stressed. Damping is, so to speak, a guarantee against the 
occurrence of unusually high stresses due to vibration. 

Objections have been raised in various quarters against the theory 
advanced under heading (a) above, viz., that damping capacity 
is likewise a measure of the notch-sensitivity. In particular, it 
has been pointed out that certain light alloys are of meagre damping 
capacity and yet when subjected to fatigue they do not start 
cracking at the point where the surface of the specimen has been 
artificially notched. The author’s reply to this objection is that 
these light alloys are extraordinarily heterogeneous in their struc- 
ture, in consequence of which hitherto unsuspected internal flaws 
are present which very likely reduce the fatigue strength at these 
points to one-half or even less. Rotating specimens subjected to 
an external bending moment which varies uniformly along the 
specimen often fail by fatigue at sections where the stress is only 
70-80%, of the maximum without anybody troubling to explain 
why cracking started where the nominal stress limits were Jess than 
elsewhere. When a notch is cut on such a specimen, it is naturally 
not going to coincide with the weakest internal flaw. Under these 
circumstances, the author maintains that the theory stated under 
heading (a) remains valid, so long as it is only applied to such 
materials (e.g., steels) as are free from excessively weakening internal 
discontinuities. 

The importance of damping capacity as a means of checking 
the growth of sympathetic vibrations, discussed under heading (b) 
above, will hardly be disputed by anybody, if one can leave out of 
account the objections of those investigators who maintain that 
internal damping is a transitory phenomenon which subsequently 
fades out. This last-named objection can be so effectively refuted 
by fatigue tests (as has already been done, for instance, by Esau 
and Voigt *)) that we shall certainly soon hear no more about it. 


8.—SoME EXAMPLES OF TRE IMPORTANCE OF DAMPING CAPACITY 
UNDER SERVICE CONDITIONS. 


The significance of the phenomena mentioned in Section 7 (6) 
will now be illustrated by some examples selected from several 
branches of practical engineering. 

An overhead cable is stretched by a given force. Under the 
influence of a cross-wind it may fail by fatigue, due to resonant 
vibrations excited by the Karman vortices. The strands of the 
cable may be made either of copper of high damping capacity, or 
of light-metal alloy possessing greater tensile and fatigue strengths 
than copper, but of greatly inferior damping qualities. The copper 
possesses strong damping properties. In consequence, the wind 
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agitates the copper cable far less than one made of very feebly 
damping light-metal alloy. It is the latter which fails prematurely 
by fatigue, in spite of its superior fatigue strength. 

Similar considerations apply to the wings of aeroplanes. Under 
certain circumstances, these are likewise subject to resonant vibra- 
tions, the amplitude of which depends essentially on the damping 
properties of the materials of construction. The same thing applies 
with special force to the blades of aeroplane propellers, which are 
liable to vibrate violently at certain critical speeds of rotation. 
The amplitudes of vibration are great or small according to the 
material of which the blades are made. The endurance of the 
blades depends far more on the damping capacity of the material 
than on its fatigue strength. 

Another case of special importance to steel makers, forge masters, 
and engine builders, is that presented by the crankshafts of internal 
combustion engines. At one time, such crankshafts were made of 
steel of high fatigue limit and ultimate strength (perhaps 55-60 tons 
per sq. in.), but of low damping capacity. Nowadays, however, it is 
realised that to secure immunity from fatigue failure it is necessary 
to select a steel of lower fatigue limit and ultimate strength (say 
35-40 tons per sq. in.) and greater damping capacity. Geiger, 
of the M.A.N., Augsburg, has ascertained by experiment that when 
passing through a critical speed, 60-65% of the total energy of 
torsional oscillation was converted into heat by the internal damp- 
ing of the crankshaft steel, and that only the remaining 40-35°,/ 
was accounted for by external damping, ?.e., by increased bearing 
loss, piston friction, windage, &c. Now, by making crankshafts 
out of steel of high damping capacity, this conversion of energy 
into heat is attained at much lower limits of stress than would be 
the case with crankshafts made from steel of lower damping capacity 
and higher strength. So it comes about that crankshafts made of 
steel of high damping capacity though of inferior fatigue strength 
last much longer than those made of steel of low damping capacity 
but of higher strength. 

Similar circumstances also occur in the blading of steam tur- 
bines; the moving blades are rushing past the fixed guide blades, 
behind which Karman vortices are being released at periodic in- 
tervals. These vortices exert periodic tangential forces on the 
moving blades, which at certain loads or speeds excite synchronous 
vibrations of abnormally large amplitude. The amplitude of these 
vibrations continues to grow until the point is reached at which 
the whole of the energy of excitation is absorbed by damping. 
The work of damping comprises four factors : 


(a) Absorption of energy at the clamped end, where small 
relative movements are resisted by friction. 

(b) Vibration energy from the moving blades transmitted 
to, and dissipated in, the rotor. Similarly, part of the vibration 
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energy of the guide blades is communicated to the stator, where 
it is frittered down into heat. 

(c) The external damping caused by the movement of the 
vibrating blades in the surrounding steam. 

(d) That part of the vibration energy which is converted 
into heat by the internal damping of the turbine blade material. 


The first-mentioned source of damping (a) is deliberately reduced 
to a minimum by making the fixing as firm and solid as possible, 
lest the blades should work loose in course of time. 

The amount of damping coming under head (6) is likewise 
small, because the rotor in which the blades are fixed is only feebly 
stressed by their vibration. 

The third source of damping (c) depends on the density of the 
steam, and consequently gets smaller and smaller, stage by stage, 
as the condenser is approached. In the low-pressure stages, and 
especially close up to the condenser, the damping that remains is 
chiefly (d), the internal damping of the turbine blade material, 
and it is on this that the amplitude of the vibration of the blades 
depends. In the steady state, the rate at which vibrational energy 
is communicated to the blades equals the rate at which energy is 
dissipated into heat by internal damping. Certainly, the conditions 
under which internal damping has to operate in checking the 
vibration of turbine blades are exceptionally unfavourable, as the 
greatest stresses, on which the damping effect mainly depends, are 
confined to the surface layers adjacent to the clamped ends. Still, 
since the other sources of damping, (a), (6), and (c), are likewise 
very small, the vibrational behaviour of a low-pressure turbine 
blade must be mainly dictated by the damping capacity of the 
material of which it is made. 

So, two precautions must be taken to safeguard the most en- 
dangered blades : first, the blade material must be of high damping 
capacity; secondly, the blade section must thicken towards the 
root in a manner which causes the maximum stresses to extend 
for a considerable distance along the blade. 

It is the author’s opinion that the experimental testing of 
material with a view to determining its damping properties has 
already proved of value to the designer of machine parts liable to 
high vibrational stresses, and is likely to prove of still greater 
value to him in the future. 


9.—Various METHODS FOR DETERMINING THE DAMPING 
PROPERTIES. 

Now that we have seen how important a knowledge of the 
damping properties of various steels can be in machine construc- 
tion, let us take up the question of how these damping properties 
can be determined. In the Wohler Institute, Brunswick, five 
different methods have been tried : 
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(1) Static Calibration.—The hysteresis loop is plotted point by 
point from observations of stress and strain taken during the 
slow step-by-step loading and unloading of the specimen. The 
damping ratio is then deduced by dividing the area of the 
hysteresis loop (Fig. 1) by the work of deformation in the extreme 
position. 

(2) Starting-Up Test.—Provision is made for causing the speci- 
men to execute resonant torsional oscillations. Then, on starting 
from rest, the temperature rise which takes place in unit time is 
measured by means of a thermocouple applied to the specimen. 
The energy converted into heat in unit time (e.g., 1 sec.) is deduced 
from this temperature rise with the help of the known specific 
heat of the material. The quantity of heat generated divided 
by the number of oscillations made in the same interval of time, 
and by the volume of the gauge length of the specimen gives the 
mean damping 0 in units which can be expressed in, say, inch- 
pounds per cubic inch per cycle. If the value of 0 so obtained is 
divided by the energy of deformation stored in the extreme position 
—likewise reduced to unit volume—we again obtain the damping 
ratio v. 

(3) Heat Measurement in the Steady State—In this method, the 
temperature of the specimen undergoing alternations of stress is 
measured after it has attained a steady value. The rate at which 
heat is then being dissipated to the surroundings is determined from 
the initial slope of the cooling curve obtained immediately after 
the machine is stopped. But this rate of heat dissipation equals 
the rate at which heat was being generated in the specimen in 
consequence of the repeated cycles of stress. 

(4) Measurement of Energy Input.—When a fatigue testing 
machine is driven at synchronous speed, the energy input per 
cycle “© is, in the case of a push-pull machine, ~P,X,, where P, 
is the maximum value of the harmonic force, and X, is the maximum 
amplitude of the harmonic motion. 

Correspondingly, for an alternating torsion machine, the energy 
input at synchronous speed is zMp,, where MW, is the maximum 
value of the harmonic torque, and g, is the maximum value of the 
angular amplitude. 

Now as Py and X, (or WV, and 99) are known, the energy input 
per cycle (for steady motion) can be calculated. If the machines 
are fitted with ball bearings the additional damping is small, so 
that the energy input is almost entirely accounted for by the 
damping loss in the specimen, provided that the stress range is such 
that the damping loss is not too small. 

(5) Method of Free Torsional Oscillations—In this method, the 
specimen is fixed at one end and a flywheel—or, preferably, a 
“swing-bar ”’—is clamped to the other. The free end is forcibly 
twisted through an appropriate angle and let go. The rate of 
decay of the subsequent free torsional oscillations measures the 
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damping capacity of the specimen. One has only to make sure 
that the incidental losses are very small. 


The five different ways of carrying out damping measurements 
enumerated above can naturally be carried out for any sort of 
cyclic stress desired. In particular, push-pull vibrations can be 
used in any of the five named ways for measuring damping values 
with the aid of the ‘“ Tonpilz ” machine (see Lehr “® and Memmler 
and Laute™”). Similarly, machines for reversed bending and 
machines for alternating torsion can be used in all five ways. More- 
over, for measuring the work absorbed in material by damping, 
it makes no difference whether forced vibrations or resonant vibra- 
tions are employed for obtaining the cyclic stresses. 

So far, not much use has been made of the possibility of checking 
damping determinations which is afforded by subjecting identical 
specimens to several of the various possible methods. If there 
is anybody who views the damping measurements he has hitherto 
made with the necessary scepticism, the author strongly recommends 
him to compare the results that he obtains by two or more of the 
five different methods available. 


10.—THE INFLUENCE OF THE SPEED OF DEFORMATION ON THE 
AREA OF THE HYSTERESIS LOOP. 


In the foregoing pages, it has been tacitly assumed that damping 
is independent of the time taken to complete a stress cycle. But 
we know from experience that many materials—e.g., copper—do not 
immediately assume their final condition of strain when a certain 
load is applied, but only after some delay by a plastic yielding 
called “creep.” This phenomenon is particularly in evidence 
when the loading is relatively high, but creep may occur at stresses 
well below the fatigue limit of the material. Occasionally, we have 
subjected certain steels to many millions of torsional oscillations 
between stress limits that we were unable to reach in the static 
calibration test, because they were found to lie in the region of 
plastic flow. Here were materials whose yield points were below 
their respective fatigue limits. Naturally, when the damping 
capacities of such materials are measured, the values of 6 (or ¥) 
are found to be greater the longer the time taken to complete a 
stress cycle, because the material has a correspondingly longer 
time to flow. In general, it can be said that when the damping 
curve of a material is obtained for a stress range which extends 
into the region of plastic flow (it need be by only a small amount), 
then the time taken to complete a stress cycle influences the damping 
values. The higher the limits of cyclic stress lie above the static 
yield points, the more pronounced does this time effect become. 

Bankwitz,"® after examining the influence of time on the 
damping curves for a range of materials comprising various steels, 
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copper, and light alloys, has established in respect of these materials 
that the time factor only plays an important part when the cyclic 
changes of stress are carried out very slowly. In general, the 
influence of time is negligible for frequencies between 100 and 2000 
cycles per min. According to Becker,” the range over which 
the effect of time is negligible can be extended down to zero 
frequency for materials which show no appreciable flow when tested 
statically to the same stresses as the limits of cyclic stress employed. 
Still, there are a number of metals for which the values of | deter- 
mined by slow static loading (Section 9 (1)) are considerably 
higher than those yielded by fatigue tests (Section 9 (3)), or by the 
method of free torsional oscillations (Section 9 (5)). 

Whether there would be a time effect at very high frequencies, 
such as 104 to 10° cycles per min., the author is not in a position to 
say, as experiments in that direction have not been carried out. 
It is quite possible that other influences would become operative 
at very high frequencies, which would cause the damping capacity 
either to increase or to diminish; but, according to Lehr,?® that 
does not appear to be the case. 


11.—PracticaL DAMPING MEASUREMENTS, USING THE METHOD OF 
FREE TORSIONAL OSCILLATIONS. 


Of the five methods described in Section 9, the last-named is 
the simplest. The method of free torsional oscillations is conse- 
quently the best suited for practical measurements of damping. 

The measurements are made with the Féppl-Pertz apparatus 
which we will now proceed to consider in greater detail. The 
apparatus was originally designed by Pertz,?® and was subsequently 
modified by Knackstedt,?” both of whom have described it. As 
will be gathered from Figs. 5 and 6 (Plate LIV.) the vertical specimen 
a has its lower end securely clamped in a block 6 attached to the 
bottom of a substantial rectangular frame R. A massive swing-bar 
m is rigidly clamped to the upper end of the specimen a by 
two bolts d. Under the influence of an externally applied torque, 
the swing-bar m can be turned so as to twist the specimen through 
a predetermined angle from its position of rest. On suddenly 
releasing the bar m from its extreme position, the system ma executes 
a series of free torsional oscillations, which gradually fall off in 
amplitude, or “decay.’’ At the top of the swing-bar m a 2-mm. 
dia. pivot is fitted, which turns in a diametral hole bored through 
the centre of a steel ball. This steel ball is housed in the centre 
of the upper cross-bar of the frame R. This adjustable top bearing 
prevents the intrusion of any oscillations due to bending of the 
specimen. On account of the slender diameter of the pivot, the 
frictional retarding couple is very slight. 

The object of the two electro-magnets c,c is to hold the swing- 
bar min its extreme position. As soon as the magnetising current is 
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broken, the free torsional oscillations begin. The gradually 
diminishing amplitude of these oscillations is recorded by the ink 
pen g as it swings across a moving paper strip driven by clockwork 
contained in the box h. Examples of records so obtained are seen 
in Figs. 7, 8, and 9 (Plates LV. and LVI.). 

The air gaps between the ends of the swing-bar and the magnet 
poles c, with the swing-bar in the mean position in which the speci- 
men a is free from stress, can be set to various widths by means of 
the rotatable foot f on which both magnets are mounted. In this 
way the initial amplitude of swing can be adjusted to any desired 
amount. The block 7 is a counterpoise to balance the weight of 
the recording apparatus h. 

A general view of the whole apparatus is shown in Fig. 6. It 
will be seen that the rectangular frame of the apparatus is suspended 
by a single central wire which hangs from an overhead beam, while 
the current for energising the electro-magnets is led up from the 
control table through a flexible twin cable. In the view of the 
apparatus shown in Fig. 6, an electric heating apparatus is built 
round the specimen, by means of which its temperature can be raised 
through about 200°C. This enables damping curves » = f(yp) to 
be constructed for various elevated temperatures of the specimen. 

The specimen has a total length of about 12 in., and the diameter 
of the gauge length is 12 mm. (0-472 in.). The enlarged ends of the 
specimen are of square section, 0-63 x 0-63 in., and about 2 in. 
long. ‘The specimens are easily and rapidly machined from square 
stock of suitable size. 

The apparatus is intended to measure the damping which arises 
from the mechanical hysteresis in the gauge length of the specimen. 
Hence it is necessary that additional causes of damping should be 
kept as small as possible. The way in which the friction of the top 
pivot is reduced to a minimum by the use of a pierced steel ball 
has already been mentioned. 

In the original form of the apparatus, the frame was bolted down 
to a heavy foundation block, instead of being freely suspended as 
shown in Fig. 6. But with this arrangement, it was found that 
a considerable part of the energy of swing leaked away to the earth 
through slight tremors set up in the foundations. To prevent this 
leakage, in the present form of the apparatus the rectangular 
frame FR is suspended at the lower end of a wire about 0-10 in. in 
dia. and several yards long, which hangs freely from a roof beam. 
Practically no energy at all leaks away through this suspending 
wire, as the stresses set up in it as the apparatus swings are 
exceedingly small. In the author’s opinion it is absolutely essential 
that the apparatus should be hung on a wire in this way if 
the damping measurements are to be above suspicion. 

It is, further, important that the clamping of the specimen 
a at both ends 6 and d should be as firm as possible, as a very 
slight yielding at the grips results in considerable extra damping. 
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This problem has been solved by arranging that the gripping forces 
at each end are spread over a width of about 0-4 in. 

To carry out a test, a current of appropriate strength is sent 
through the magnet coils c. The swing-bar is then carefully 
twisted round by hand until its ends are attracted to, and held up 
by, the magnet poles. The clockwork which drives the paper strip 
is then set in motion, and the current flowing through the magnet 
coils is suddenly interrupted. The ink pen g then traces the curve 
of damped oscillations on the moving paper strip. 

Under ideal conditions, the damping of the curve of free oscilla- 
tions should depend only on the internal damping in the specimen. 
The degree of perfection of the apparatus can be checked by using 
it to draw the free oscillation curve of a specimen made of material 
of very small damping capacity, such as hardened ball-bearing 
steel or a specially hard variety of duralumin. Such a curve for 
hardened ball-bearing steel is reproduced in Fig. 9. We have had 
material to test whose damping ratio Y amounted to only 0-05%, 
even at large strains. In testing such specimens, the undesired 
damping in the apparatus is of the same order of magnitude as the 
damping in the specimen that it is intended to measure. Experi- 
ence so gained has enabled us to measure, with considerable precision, 
what is the magnitude of the various sources of error, and so to be 
in a position to make corresponding corrections when testing material 
of medium damping capacity. 

The damping capacities of various materials have been measured 
in the Féppl-Pertz apparatus just described by Knackstedt,? 
Appenrodt, and Sonnemann.”” In particular, they have estab- 
lished the great differences in damping capacity that exist between 
different kinds of steels. 

Damping capacity is liable to vary a great deal with the number 
of stress cycles, so that the damping capacity in the as-received 
condition differs from the values found after the material has been 
subjected to cyclic stresses for some time. Hence it is desirable, 
after the damping capacity has been measured in the as-received 
condition, to subject the specimen to a certain number (e.g., one 
million) cycles of stress alternating between assigned limits, and then 
to re-test the same specimen for damping capacity. We have 
accordingly installed in the Wohler Institute a Féppl-Busemann 
alternating torsion fatigue testing machine suited to receive the 
same size and shape of specimen as fits the Féppl-Pertz apparatus 
for measuring damping capacity. 

In this fatigue testing machine, a specimen, either at air temper- 
ature or maintained at some elevated temperature, can be left to 
run for as long as may be desired. From time to time the specimen 
is removed to have its damping capacity measured in the Féppl- 
Pertz apparatus, after which it is transferred back to the fatigue 
testing machine for a further period. Then, its damping capacity 
is once more measured, and so on. From many tests conducted on 
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these lines, it has been established that the damping capacity of 
a material (at any rate for steels) does not disappear in course of 
time, but tends to a steady value, which, as a rule, is higher than 
that found in the as-received condition. 

In order to verify the test results obtained with the Féppl-Pertz 
free oscillation apparatus, Becker “® carried out damping measure- 
ments by all five methods mentioned in Section 9, viz., static 
hysteresis loop; starting-up test; heat measurement in the steady 
state; energy input measurement; and the method of free torsional 
oscillations. The results obtained by the various methods were in 
very good agreement. In this paper, the method of free torsional 
oscillations as carried out with the Féppl-Pertz apparatus has been 
considered in greater detail than the others, because it is the test for 
which the least preparation is necessary, and so is best adapted to 
meet practical needs. 

Before the specimen is tested in the free torsional oscillation 
apparatus, it must be calibrated statically. For this purpose, 
we observe the angle of twist produced by a given torque and deduce 
the angle of shear y produced by shear stress +. The apparatus 
used for static calibration in the Wohler Institute is shown in 
Fig. 10 (Plate LVI.). The end of the specimen a is tightly clamped 
in the V-blocks L, while the other end £ is coupled to a spindle 
which turns in ball-bearings. By hanging a weight P on the steel 
band B which passes round the circumference of the pulley R, a 
measured torque is transmitted to the specimen. The twist thereby 
produced in the specimen is measured by means of three optical 
levers, the mirrors of which are S,, S,, and S3. 

The angle of surface shear y, is readily calculated from the re- 
lative displacement of the two mirrors S, and S, clamped on the 
specimen at the extremities of its gauge length by means of the 
set-screws H. The third mirror S, enables appropriate corrections 
to be applied for the enlarged ends of the specimen. 

The process of deriving the damping values from the wave 
diagrams drawn by the Féppl-Pertz apparatus, examples of which 
are reproduced in Fig. 7, is briefly as follows : 

Making allowance for the thickness of the line drawn by the 
ink pen of the recording apparatus, careful measurements are taken 
of the set of lengths & — &,., = Aé,, where £, is the amplitude of 
a certain swing, and é,,, is the slightly reduced amplitude of the 
next swing. Then, provided that the damping is not too severe, 
the damping at any particular amplitude &, for which we have 
obtained the ratio Aé,/é, is easily found with the help of a table 
(No. 1) given in the author’s new book.® By repeating the pro- 
cess at different parts of the wave diagram (i.e., for different values 
of &,) a number of pairs of values are determined from which can be 
plotted either the 6-y or the }-y damping curve. A collection 
of the )-y curves for various materials is shown in Fig. 11. 

A good check on the serviceability of the free torsional oscillation 
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apparatus is obtained by experimenting with a material of extra- 
ordinarily low damping. Attention has already been drawn to 
the wave curve in Fig. 9, which was obtained by using a specimen 
made of ball-bearing steel. The decrease of amplitude of successive 
swings is caused partly by the damping of the material under test, 
and partly by the additional and undesired damping losses in the 
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Fic. 11.—Mean Damping Ratio % for torsion specimens of circular cross- 
section in relation to angle of surface shear 7. 


D = taken in the steady state (sce § 9 (3)). 
A = taken by free oscillation method (see § 9 (5)). 


apparatus. As in this case the total reduction in amplitude of 
successive swings is very small, it follows that the additional damp- 
ing caused by the apparatus was inappreciable. 

Some wave curves drawn by the Foéppl-Pertz apparatus for 
various materials are reproduced in Fig. 7. The corresponding 
curves of damping ratio ¥ plotted against surface angle of shear 
Yo have been constructed. Some of these are reproduced in 
Fig. 11. 
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12.—ADDITIONAL DAMPING IN A RIVETED JOINT. 


The damping which occurs in a structural member naturally 
does not depend only upon the internal damping of the material, 
but also on external damping influences (e.g., air-damping, water- 
damping, frictional damping, &c.). In one direction, the question of 
additional damping has recently assumed specially great importance, 
viz., as regards the damping which occurs in a riveted joint. 

Steel constructions such as the framework of ships, bedplates 
for machines, &c., which were formerly riveted together, have 
in many cases during the last fifteen years been replaced by 
fabricated structures joined by welding. In the course of this 
transformation, it has been largely overlooked that riveted joints 
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Fic. 12.—Mean Damping Ratio ¢% for the bending of flat bars in relation to 
the surface strain €, (Sonnemann (2), 


introduce considerable damping, caused by the frictional resistance 
offered to slight relative movements between the overlapping 
plates, whereas in welded construction the welds do not develop 
any more damping than the material in the plates, i.c., merely the 
internal damping of the steel itself. Hence, when exposed to equal 
disturbing influences, such as those set up by running machinery, 
a welded frame vibrates through a much greater amplitude than a 
riveted frame, since the welded joints lack the extra frictional 
damping possessed by the riveted joints. The effect can be very 
troublesome, as, for instance, when a ship’s engine runs at a critical 
speed, which depends, not on the engine, but on the natural frequency 
of some structural component of the ship’s hull. Moreover, in such 
a complicated structure it is likely that there will be a whole series 
of critical speeds at which sympathetic vibrations will be stimulated 
in some part or other of the ship’s hull. 
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In order to throw light on the question of the magnitude of 
the damping in riveted joints, Sonnemann"” has recently in- 
vestigated the damping of the simplest possible form of riveted 
test-bar, and compared the results with those obtained with plain 
unriveted test-bars of the same dimensions. The investigation 
included tests made both in reversed bending and in alternating 
torsion. The results yielded by the specimens tested in reversed 
bending are reproduced in Fig. 12. The material was standard 
steel having an ultimate tensile strength of about 25 tons per 
sq.in. It is seen that, in consequence of their pliability, the riveted 
specimens have displayed considerably greater damping than the 
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Fic. 13.—Mean Damping 0,, for the torsion of flat bars in relation to the 
greatest surface shear stress 7, (Sonnemann ‘!®)), 


plain unriveted specimens. The curves in this figure show the 
damping ratio plotted against the surface strain ¢). Values of ¢, 
can be converted into surface stress o, by multiplying by Young’s 
modulus #. The value of the cyclic strain which corresponds to 
the fatigue limit (based on 2 x 108 stress-cycles) is denoted by eg sri. 
In the case of the riveted specimens, the fatigue limit in bending 
lies rather lower than the fatigue limit for plain unriveted specimens. 
In addition to the damping curves, Fig. 12, there are naturally 
calibration curves (not shown) which define the relation between 
the surface strain ¢) and the surface stress op. 

In Fig. 13 are plotted the damping values obtained with the 
torsion specimens for three different materials in relation to the 
1936—ii EE 
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greatest shear stresses. 0,, is the mean damping in energy dissipated 
in cm.kg. per c.c. per cycle. A specimen of rectangular cross-section 
was rendered considerably more pliable by the introduction of a 
riveted joint, and so was able to dissipate considerable energy as 
heat at much lower stresses. 

From this it is clear how important it is in many cases 
where rivets are replaced by welding, that the steel used in the 
welded construction should possess a high damping capacity to 
discount the loss of damping efiect possessed by riveted joints, in 
virtue of their ability to convert much energy into heat by slight 
to-and-fro rubbing. Unfortunately, there does not appear to be 
such a thing as a ductile steel which manifests considerable damping 
when the amplitude of vibration is small. But such a steel should 
not be ruled out as fundamentally unattainable, when, for instance, 
Knackstedt °° found a cast iron which had a relatively large 
value of » (about 0-3) at low stresses. Provided that adequate 
efforts are made, it is quite likely that in course of time a ductile 
steel will be found which happens to exhibit considerable plastic 
strain at quite low stresses. Such a material would be invaluable 
in welded construction, as the low damping of the welds would be 
compensated for, even at low stresses, by the higher internal damp- 
ing of the new material. The ideal steel which needs striving for 
to-day is by no means the steel with the highest possible elastic 
limit, but, on the contrary, a steel with no truly elastic range, 
and which—like cast iron—exhibits some plastic strain at very 
low stresses. We have not yet got a steel which exhibits any damp- 
ing in the region of zero stress, while we need one which will exert 
very pronounced damping (e.g., ) = 0-3). 


APPENDIX.—A NOTE ON THE TERMINOLOGY OF DAMPING 
AND FATIGUE. 


By Proressor F. BACON (SwanseEa). 


THE translation of Professor Féppl’s paper presented certain diffi- 
culties, because English versions of some of the chief technical terms 
are either non-existent, not exact equivalents, or in an unfortunate 
state of confusion. 

The symbolism used by Professor Féppl also differs considerably 
from that to which English readers are accustomed. Still, it has 
been deemed prudent to retain it unchanged, especially as it is 
fairly representative of present-day usage in the extensive German 
literature on damping and fatigue. Moreover, it would be impos- 
sible to bring forward a sufficiently comprehensive alternative 
symbolism which could be claimed to represent the general usage 
of British and American writers. 

It is hoped that the following notes, arranged alphabetically 
under the German symbols, will not only meet the immediate needs 
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of readers of Professor Féppl’s paper but also prove of some service 
to those who seek further information in the Mitteilungen of the 
Wohler Institute and other German sources. 

Special attention is directed to the notes referring to the symbols 
8, 4, ¥, and c, which have been applied by Professor Féppl to denote 
the various damping values about which he writes. 


a (Forménderungsarbeit).—Work of deformation and especially in 
the sense of *‘ resilience.’’ Thus, referring to Fig. 1, 
(JE)o,2 


a. = area under the (o-e) curve hatched diagonally. 


(mittlere Formanderungsarbeit) [cm.kg. per c.c.].—Mean resilience 
in the case of non-uniform distribution of stress, e.g., for elastic 
torsion in a solid shaft of radius 7 


1 [7 

J a2nrdr, where a/a t*/t,.° = r*/r,* 
2 _ ’ 0 i“@ 
mr? 4 

en 1Gy,2 
4G7° we 


a 


m 


a, (Randformanderungsarbeit) {[cm.kg. per c.c.}.—Surface resilience, 
e.g., in the outside surface of an elastically twisted solid shaft : 
b 4 


a To" = 1Gy,° 
0 2G 0 2 Yo. 


B T,)/a9, Where --o, are the limits of normal stress in reversed 
bending which produce approximately the same damping effect 
as alternating torsion between the limits of shear stress + 79. 


y (Winkelanderung, Schiebung).—Angle of shear. 


yo (Randformanderungswinkel).—Angle of surface shear; the angle 
of shear in the external surface of a solid cylindrical torsion 
specimen. 
5 (logarithmische Dekrement).—Logarithmic decrement 
5 = log, §, — loge 4.2 
where &; — & 413; + & 4+, are successive maxima of a 


$ 


damped wave curve. 


e (verhaltnismassige Langeninderung).—Relative strain (produced 
by normal stress ¢). 


eq (elastischer Anteil der verhaltnismassigen Lingenanderung).— 
Elastic component of (linear) strain (non-dimensional). 


«, (verhaltnismassige Gesamtdehnung).—Total strain. 
€y = €at t Epl 
€) (verhaltnismassige Langenaénderung am Rande).—Strain in 
extreme fibres (in bending). 


€,, (plastischer Anteil der verhaltnismassigen Langenanderung).- 
Plastic component of linear strain (non-dimensional), In the 
hysteresis loop, Fig. 1, it will be noticed that ¢,; is what Dorey 
has called ‘‘ hy steresis strain,’ "Ww hile 2e,,; is what Bairstow (23) 
called “ cyclical permanent set.’ 
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8 (Dampfung) [cm.kg. per c.c. ~].—Damping, i.e., energy dissipated 
in heat per unit volume of material per stress cycle (e.g., in 
inch-pounds per cubic inch per cycle). It is the area of the 
stress-strain hysteresis loop, and is already familiar to British 
engineers (e.g., see reference (24)) as the “ specific (mechanical) 
hysteresis loss.” 

Dorey ®) writes : 8W = AS", 
where S = half the stress range for alternating stress (tons 
per sq. in.). 
A = “hysteresis constant.” 
m = “‘ hysteresis exponent.” 
5W = energy per cubic unit per cycle (inch-pounds per 
cubic in.). 
The temptation to call @ the “ specific damping capacity ’’ has 
been resisted, because von Heydekampf “5 has applied this 
term to what is here denoted by ¢& (q7.v.). This seems un- 
fortunate ; but perhaps ambiguity could be avoided by calling 
6 “unit damping capacity.” 

6,,* (mittlere Dampfung) [cm.kg. per c.c. ~].—Mean damping, the 
mean damping per unit volume per cycle in a case where the 
stress (and consequently @) is not uniform. Thus, in the case 
of a cylindrical specimen subjected to alternating torsion : 


1 [7 
=—, 62nrdr. 
mT 9°40 


This is what F. M. Lewis ‘?® calls the “‘ solid shaft hysteresis 
loss.”? (See also under ¥.) 


6, (Randdaémpfung) [cm.kg. per c.c. ~].—Surface damping; the 
energy dissipation per unit volume per cycle in the surface of 
a cylindrical specimen subjected to torsion alternating between 
the shear stress limits +- 7) and limiting angles of shear + yp. 


It can be shown ‘®) that 
9) = 9m + 8m 7, 


dy 
Whence if On = Cy™ 
by = (1 + 4m)0q 


Oseng (Grenzdampfung) [cm.kg. per c.c. ~],—Ultimate damping, i.e., 
the value to which @ settles down after a large number of 
alternations between the fatigue limits of stress. 


A (verhaltnismassiger plastischer Verformungsanteil).—Plastic 
strain ratio defined by 


A = €p1 (€q tr €pi) Z ae €pt/ Eel 
Ascoe (Verhaltnismassige Dauerplastizitaét)—Plastic endurance ratio, 


7.¢., the value of A which can just be sustained for an indefinitely 
large number of stress cycles. 


€ (Ausschlag einer Ausschwingkurve).—Deflection (from the mean 
position) on a wave curve. See also under 6. 


e 
(Wechselzahl).—Number of cycles (used as a suffix to denote the 
basis number of a fatigue test). 


* The suffix m is often omitted to avoid undue complication of symbols. 
In general, @ and ¢% are to be taken as mean values, when they refer to results 
obtained in alternating torsion or reversed bending. 
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o (Normalspannung).—Normal stress. 
og (Bruchfestigkeit).—Ultimate tensile strength. 
oy (Fliessgrenze; Streckgrenze).—Yield point. 


(sche), _ 398 (Schwingungsfestigkeit fir Zug-Druckbenutzung).—Aliernating 
fatigue strength determined on a basis of 10° cycles, i.e., one 
million cycles of normal stress alternating between the limits 
+ Ogch just fails to break the specimen. 


o, (Normalspannung bei Biegung am Rande).—Extreme fibre stress 
in bending. 


o, (Ursprungsfestigkeit or Schwellfestigkeit).—Fatigue limit under 
stress pulsating between zero and oy. 


o,4 (Zulassige Spannung).—Permissible or working stress. 
7 (Schubspannung or Scherspannung).—Shear stress. 
rz (Schubfestigkeit).—Shear strength (static). 


TR (Verdrehungsfliessgrenze). —Yield point in torsion, expressed in 
terms of surface shear stress. 


vt, (Randschubspannung).—Surface shear stress, generally in the 
exterior surface of a solid round bar subjected to torsion. 


(Tschw) ox 108 (Schwingungsfestigkeit fir Schub-Beanspruchung).—Fatigue 
limit for torsion alternating between the limits of surface 
shear stress + 75,,, determined on a basis of 2 x 108 cycles. 


¢, 4¢ (Verdrehungswinkel).—Angle of twist. 
Norte: y is used for angle of shear. 


¢ (grésster Winkelweg).—Angular amplitude of swing. 


y% (verhaltnismassige Dampfung).—Damping ratio. ‘* Propor- 
tional damping ”’ is the literal translation; but ‘‘ damping 
ratio ’’ has been preferred, as making certain and self-evident 
that 4 = @/a is a non-dimensional fraction, which can be 
fully (and often conveniently) expressed as “* per cent.” 

It is thought regrettable that von Heydekampf,®@* when 
describing the work of the Wohler Institute to the American 
Society for Testing Materials, rendered the term into Inglish 
as ‘‘ specific damping capacity,”’ and denoted it by the already 
overworked letter p. British engineers would be almost suro 
to conclude that ‘* specific damping capacity ’? meant energy 
loss by damping per unit volume per cycle, #.e., they would 
confuse it with ‘‘ specific hysteresis loss.” For further com- 
ments see under 8. 


w,* (verhaltnismassige mittlere Dampfung).—Mean damping ratio 
Yin = 8m | Om+ 
% (verhaltnismassige seam ealiere —Surface damping ratio 
fo = Iy/ao. 
* The suffix m is often omitted to avoid undue complication of symbols. 
In general, 9 and ¢ are to be taken as mean values, when they refer to results 
obtained in alternating torsion or reversed bending. 
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verhaltnismassige Grenzdampfung). —Ultimate damping ratio, 
meaning the value to which # settles down after an infinite 
number of alternations between the fatigue limits of stress. 


he non-dimensional experimental coefficient in the equations 
; EN 1AE 
yw = “a [3 
c c E, 


This constant depends on the shape of the hysteresis loop. 
It is related to what Dorey ® calls the ‘‘ width factor,” F,, 
which he defines as the ratio of the mean width of the 
hysteresis loop parallel to the stress axis, to the width of the 
loop on the stress axis. It is easily shown that the relation- 
ship is 

Le. 


Pye gress se eee. OD 
where A = 4Eé or A’ = 3Gy’. 
Within Hooke’s law a= A, 
giving F = }.3 
= 0-625 (if c = 0-2). 


But there is another ‘‘ width factor,” F,, say, defined as 
the ratio of the mean width of the hysteresis loop parallel to 
the strain axis, to the width of the loop on the strain axis. 

This other width factor (here denoted by F,) has been used 
by Mason and Inglis,‘*?) who found on analysing the hysteresis 
loops of Bairstow ‘**) that 


A Oe |) a rs b>" 
where A and B are constants, vi:., for the case investigated 
A = 0°506 and B = 0-031. 

So‘for the limiting case of A = 0 


F, = 0-506, 


which agrees with the experimental value found by Rowett.‘)) 
The two width factors F’,, I’, are, of course, related. Assum- 
ing the hysteresis loop to have the form shown in Fig. ], it is 
easily shown that 
T= Pela) « 5 « «© «= (3) 
Putting F, = 0-506 + 0-031A and neglecting A?, it follows 
that 


F 0-506 —O475A . . . . (4) 


y 


Equations (1) and (4) both indicate that F, will diminish 
with ine reasing departure from Hooke’s law. "But according 
to Dorey’s experiments, F, was of the order of 0-55 at low 
stresses and increased to about 0-62 at high stresses. 


E ns fur Zug und Druck or Elastizitaétsmodul) [kg. per 


sq. or lb. per sq. in.].—Modulus of elasticity in tension 
aad pebiapiahaien. 


G  (Elastizitétszahl ftir Schub or Gleitmodul) [kg. per sq. cm. or |b. 





per sq. in.].—Modulus of elasticity in shear, or modulus of 
rigidity. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf on Tuesday, September 22, 1936. 


Dr. S. F. Dorey (London) said that, speaking as one who in 
his spare time had dabbled in the question of damping capacity, 
he considered that Dr. Féppl was undoubtedly the leading exponent 
of this very interesting property of the material,the damping capacity. 
In the present paper the author had emphasised ‘three things : 
First, the significance of damping capacity; next, the need for 
additional mechanical tests; thirdly, he threw out the suggestion 
that there was room for a new material, a ductile steel which would 
possess high damping properties at low stresses. Undoubtedly 
damping was a property of considerable importance, but it was 
only in recent years that engineers had been able to give it the 
attention that it deserved. This was mainly due to the intro- 
duction of the internal combustion engine, and particularly the 
multi-cylinder oil engine. It was found that under certain con- 
ditions of working there arose what was known as torsional oscill- 
ation in the shafting, and it was netessary, owing to the speeds 
at which such engines worked, either to pass through critical speeds 
or to work at speeds corresponding to a critical speed, which gave 
rise to considerable vibrations. It was particularly welcome, 
therefore, to have a paper which included a number of results on 
the damping properties of different materials, which would enable 
engineers to calculate with great accuracy the vibration stresses 
in shafting. 

It had been usual for the engineer to consider the elastic limit 
as the criterion, but he must confess that, now that information 
such as that contained in the present paper was available, it must 
be conceded with regret that the elastic limit was no criterion at all. 
It was well known that in the special-quality steels the elastic limit, 
if measured very carefully, was exceedingly low. As a result, 
the procedure now adopted was to measure the elastic limit—or 
what was called the elastic limit—by a series of increments of load 
up to a certain stress, and then to measure how much plastic strain 
remained after the release of the load, the maximum permissible 
strain being stated. That, as a matter of fact, was the first tendency 
towards an indication of what was known as hysteresis or damping 
capacity. It was, however, in a material subjected to repeated 
stresses that hysteresis or damping was more frequently encountered. 

He presumed that in the present paper the most useful tests 
were those given by Appenrodt, and illustrated in Fig. 2, which 
gave the results for a considerable number of steels. As an indica- 
tion of the significance of this damping effect, he might mention 
that he himself had tested some steels, and on a 30-ton carbon 
steel subjected to a torsional stress of + 8 tons per sq. in. he obtained 
















































16 


ee) 


ee —_ SS oe 





METALS, ESPECIALLY STEELS.—DISCUSSION. 425 P 


five times the damping capacity to be obtained from a 3% nickel 
steel of 47 tons per sq. in. tensile strength for the same vibration 
stress. To show the small damping capacity in the higher tensile 
steels it might be mentioned that, in comparison with the test 
result on a nickel-chromium steel of 60 tons per sq. in. tensile 
strength, a 3% nickel steel gave ten times as much damping capacity 
when each was subjected to torsional stresses of + 14 tons per sq. in. 
That would give some indication of the fact that, whereas in an 
alloy steel of high tensile strength what was known as considerable 
elasticity was obtained, the real factor, the damping capacity, 
which was so essential where stress concentrations and vibration 
were evident, was extremely poor. With lower-tensile steels, and 
consequently low elastic limits, there was considerably more 
damping effect and relief of stress at points of stress concentration. 

An interesting point to note with regard to Appenrodt’s experi- 
ments was that he carried out tests at two different temperatures. 
If reference were made to the Table giving the mechanical properties 
of crankshaft steels referred to in Fig. 2 it would be found that in 
the case of test-bar No. 839 there was an increase of damping capacity 
of 38% for a rise of 100° C., while for test-bar No. 875 the figure 
was 23%. He would like to ask the author whether, as a result 
of running a series of tests at a temperature of, say, the 120° referred 
to in the Table, he found, on completing the tests and re-testing at 
slightly lower stresses, that there was any difference in the results 
for the damping capacity as compared with the initial tests. He 
asked that particularly, because it was found, when testing material 
for damping or for hysteresis, that the first results showed con- 
siderably lower damping than when the steel was subjected to 
high stresses later on. It was also to be noted that in Appenrodt’s 
experiments the maximum stress was applied first. 

In his own experiments he had found that by heating a low- 
carbon steel to 100° C. or in boiling water all the hysteresis strain 
in the material was removed, and therefore he would be glad to 
know what the author considered was the minimum temperature 
at which it was possible to remove these effects after, say, something 
like ten million reversals. 

He took particular interest in Sonneman’s experiments, which 
showed considerable differences of damping capacity between 
tests taken on steel of the same cast, and he would like to ask the 
author whether in that case the steel tested, which he gathered 
was of different sections, had different amounts of work put on it. 
It seemed to him that the most difficult thing at the present time in 
regard to damping capacity was to be able to assess what damping 
would be obtained, not from a particular steel, but from the actual 
specimen of steel which was to be used. The experiments in 
question showed that in two specimens taken from a similar cast, 
the damping in one case was eight to ten times greater than in 
the other. The author suggested that there was need for this 
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additional test, and it seemed that wherever this property of 
damping capacity was likely to be needed it would be necessary 
to test each individual crankshaft, so as to be assured of what 
allowance could be made for damping capacity should that shaft 
be subjected to torsional oscillations. The damping capacity would 
undoubtedly vary with the amount of work put on the shaft, the 
manner in which it was manufactured, and the method of heat 
treatment. In fact, one might go further and ask whether the test 
should be taken from the centre of the crankshaft or from the 
outside, because tests taken from different positions would un- 
doubtedly give different damping capacities. 

One of the special features of the paper was its treatment of the 
question of notch sensitivity, and it would appear evident that 
in a steel which had considerable damping capacity the rate of 
propagation of a crack under fatigue conditions would be appreciably 
less than in a steel possessing low damping capacity. The real 
difficulty, so far as the engineer was concerned, was that he required, 
in the case of a crankshaft, a steel which had the properties which 
would give it satisfactory service, mainly from the point of view 
of wear. If a shaft with superior wear-resisting properties was 
required, it was necessary to use a steel of not too low tensile strength 
and consequently low damping capacity. It would be seen that 
there was a problem that the steelmaker had to face, namely, 
whether it was really worth his while to produce a steel with a 
high damping capacity, as it meant that the engineer had to design a 
shaft to work under low stresses, which necessarily entailed an 
increase in dimensions. 

There was another point to which he would like to refer, namely, 
the practical significance of the results obtained. The author 
mentioned some tests carried out by Dr. Geiger, in which it was 
found that under certain working conditions the amount of energy 
absorbed due to hysteresis damping in the crankshaft of a large oil 
engine, made by the M.A.N., working at a critical speed, was in one 
case 35% at an eighth order of vibration for a vibration stress 
of + 4-5 tons and in the other case was 62° for a fourth-order 
vibration with a stress of + 8-5 tons. Those were very high 
damping figures, but he himself had shown that by subjecting a mild 
steel of 28-32 tons per sq. in. ultimate tensile strength to vibration 
stresses of the order of 8-10 tons per sq. in., considerable damping 
could be expected. However, those stresses were considerably 
greater than one would be prepared to admit for the working con- 
ditions of an engine, and therefore, although these figures did give 
some indication of the effect of damping capacity in reducing 
vibration stresses, they could not be considered as a criterion of the 
usefulness of ordinary mild steel for damping purposes. 

Finally, coming to the question of the use of a ductile steel 
having high damping capacity, he thought this was a problem 
which the engineer put up to the steelmaker to see what the latter 














a ed ee | 





METALS, ESPECIALLY STEELS.—DISCUSSION. 427 P 


could do; that was, the engineer was ahead of the steelmaker. 
Personally, he thought that the real question which had to be con- 
sidered was what was the cause of this damping capacity. Was 
it a fact that by increasing the structure of a material a greater 
damping capacity would be obtained, and therefore a steel having a 
large grain size should be adopted, and that by reducing the grain 
size of the steel low damping capacity must be expected, and high 
stress concentration anticipated / 

As an engineer he did not consider there was a definite call for a 
more suitable material for crankshafts to give high damping 
capacities. The problem of torsional oscillation: was thoroughly 
understood now, and the engineer, by a rearrangement of the rotat- 
ing masses of a shaft system, by an alteration in the shaft dimensions, 
or by the fitting of dampers, was able to prevent harmful stresses 
from arising in the range of working speeds. 


Dr. M. Hempet (Diisseldorf) said that the author had con- 
tributed a lucid report on the fundamentals of the measurement 
of damping and the general importance of the damping of materials 
in fatigue testing. The damping of materials, like their fatigue 
strength, was influenced by various conditions of test such as the 
nature and frequency of the cyclic stresses, cold-working, tem- 
perature, &c. Hence it was easy to understand that the deter- 
mination of damping properties had been made the object of 
numerous investigations. In what followed, it was proposed to 
offer some supplementary remarks on methods of measuring damp- 
ing, and on the changes in damping which steels underwent in 
relation to the intensity and duration of loading. In addition, 
some work would be reviewed dealing with the relationships of 
damping to other properties of materials and with the causes of 
damping having regard to the changes to which it was subject. 

1.—Methods of Measuring the Damping of Materials —(a).— 
Measurement of damping by energy input. In this method?! the 
energy consumed in the test-bar was determined as the difference 
between the total energy consumed by the machine during the 
fatigue test and when running without load. At first, the hysteresis 
loss increased only slightly, and in approximate proportion to the 
load. Then it bent up in the form of a parabolic curve. Lehr? 
concluded from his experiments that, at its fatigue limit, a given 
material could only develop a certain characteristic hysteresis loss 
per unit volume per cycle without eventually breaking. Further- 
more, Lehr attempted to express the damping properties (hysteresis 
losses) in terms of a single number which would even. be independent 
of the form of the specimen and the nature of stressing. 

(b).— Measurement of damping by the warming of the specimen.— 
In this method, the temperature rise of different parts of the test- 

1 E. Lehr, Dissertation, Technische Hochschule Darmstadt, 1925. Verlag 
L. Simon, Darmstadt. 
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bar was measured, and also the relation between the temperature 
rise and the rate at which heat escaped to the surroundings, it 
having been assumed that the hysteresis loss was chiefly confined 
to the gauge-length of the specimen.1 The temperature measure- 
ments comprised the heating curve, the steady state, and the 
cooling curve. Disadvantages of the temperature measurement 
method were that the damping of steels changed with the tem- 
perature, and that aluminium and similar light alloys did not show 
any temperature rise when loaded to near their fatigue limits. 
(c).—Measurement of damping from the resonance curve.—To 
obtain a resonance curve, the speed of revolution or frequency of 
the drive of a mechanical system was varied in definite steps and 
the corresponding amplitudes of swing were measured.? The 
amplitudes of swing were then plotted to a base of frequency, 
the width of the damping curve obtained being a measure of the 
damping. The logarithmic decrement 3 was calculated in the same 
way as for electric oscillations by means of the equation : 


. 
= nN, — n® 1 
6 = 2 


_ 4! _(n\? 
/((4) -(2)’) 
AN’ \\A/ Ny / 
Where n, denoted the frequency of resonance. 
n » some other frequency. 
ia, » the amplitude at frequency n,. 
A 


2”? ” ” ” ” n. 


The method failed, however, as soon as the oscillations became 
anharmonic.® 

(d).— Measurement of damping by phase displacement.—In elec- 
trotechnics, the loss which occurred in a dielectric was measured 
by the phase displacement of the current as compared with a 
dielectric which was assumed to be without loss. In the same way, 
one could treat a workshop material subjected to mechanical 
vibration as a perfectly elastic spring associated with an energy- 
absorbing resistance. The phase displacement ¢ of the whole 
compared with the resistance of a perfectly elastic spring could be 
determined experimentally, as had been done by W. Spith,‘ the 
damping decrement having been calculated by the formula: 3 = 
x tan ¢. 

(e).—Measurement of damping by the area of the hysteresis loop.— 
The hysteresis loss had been measured by L. Bairstow ® by sub- 
jecting test-bars to cyclic loading of various ranges and durations, 


1 Féppl and G. Schaaf, Forschungen auf dem Gebiet des Ingenieurswesens, 
1930, No. 335. 

2 W. Spith, Ingenieur Archiv, 1932, vol. 2, p. 651. 

3G. Duffing, ‘‘Erzwungene Schwingungen bei verinderlicher Eigen- 
frequenz,”’ Hefte 41-42, 1918. Verlag F. Vieweg & Sohn, Braunschweig. 

4 W. Spiith, Zeitschrift fiir technische Physik, 1934, vol. 15, p. 477. 

5 L. Bairstow, Société d’Encouragement pour l’ Industrie Nationale, 1910, 
vol. 1, p. 108. 
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and measuring in between whiles the area of the hysteresis loop 
of the stress-strain curve obtained by static testing. 

In the researches of Dalby } the hysteresis loop had been drawn 
by optical means. The apparatus made by Messrs. C. Schenck ? 
also drew the hysteresis loop optically. It was with this apparatus 
that P. Ludwik and R. Scheu* had carried out noteworthy ex- 
periments on the variation of damping between constant limits of 
stress. They had also investigated the effect of the number of 
stress cycles in combination with various limits of stress. They 
had found that even when the temperature of the specimen and 
the limits of stress were held constant, the damping varied with 
the number of stress cycles in quite different ways in different 
materials. On this account, Ludwik and Scheu had also rejected 
the determination of hysteresis loss from temperature measure- 
ments made during heating and cooling as employed by Féppl. 

(f).—Measurement of damping by free oscillations.—In the method 
of free oscillations followed by O. Féppl and A. Appenrodt,* the 
test-bar had first been set up in a Féppl-Busemann torsional fatigue 
testing machine, and after a definite number of stress cycles had 
been completed, it had been transferred to a Féppl-Perz apparatus 
designed for recording the curve of decreasing amplitudes during 
free torsional oscillation. This procedure naturally presupposed 
that in the process of removal from one machine to another, the 
unclamping and re-clamping produced no change in the condition 
of the material subsequent to the taking of the static calibration 
curve. Further, it had to be supposed that no appreciable change 
in damping resulted from the relatively long delays which had to 
occur while the specimen was being shifted from one machine to 
another. 

Less objectionable in this respect were the electromagnetically 
excited fatigue testing machines for push-pull,® bending,® and 
torsion,’ in which the curve of subsiding free vibrations could be 
optically recorded after the current was interrupted. Here the 
damping decrement was found as the difference between the 
logarithms of two successive swings, or 


5 = loge A, — loge A, 


Curves could then be constructed to show the damping decre- 
ment plotted against strain or stress. 


1 W. E. Dalby, Journal of the Institute of Metals, 1917, vol. 18, p. 5. 

2 W. Saran, Werkzeugmaschine, 1931, vol. 35, Nos. 15 and 16. 

3 P. Ludwik and R. Scheu, Zeitschrift des Vereines deutscher Ingenieure, 
1932, vol. 76, p. 683. 

4 A. Appenrodt, Mitteilungen des Wohler-Instituts, Braunschweig, 1935, 
No. 24. 

5 E. Voigt, Zeitschrift fiir techniche Physik, 1928, vol. 9, p. 321. 

6 M. Hempel, Forschwngen auf dem Gebiet des Ingenieurswesens, 1931, 
vol. 2, No. 9. 
7 H. Kortum, J'echnische Mechanik und Thermodynamik, 1930, vol. 1, No. 8. 
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The procedure adopted in the use of these electromagnetic 
machines was as follows :—First, measurement of the initial 
damping. Then, fatigue testing at constant amplitude, interrupted 
at frequent intervals for re-measurement of the damping. This 
procedure was continued until the free oscillation curves failed to 
reveal any further change in the damping. He had then arrived 
at what was termed a “stable damping curve.” By obtaining a 
series of stable damping curves for different strain limits below the 
fatigue strength, he mapped out the so-called ‘ damping field.” 
The magnitude of the damping obtained when the stress limits 
reached the fatigue strength was termed the “ ultimate damping.” 

Before finishing with the various methods of damping measure- 
ment, one more point should be mentioned. In the application of 
the various methods, what was in general measured was not the 
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Fic. A.—Damping Curves for Heat-Treated Chromium. Nickel 
Steel (VCN45). 


pure damping, but the sum of the damping of the material and 
supplementary damping. The latter was made up of external 
frictional losses at the grips, bearings and pivots, air friction, and 
the energy which escaped through the foundation or suspension. 
In consequence, the supplementary damping had to be estimated 
by calculation or special test, and for precision in damping measure- 
ment, had to be kept as small as possible. 

It was particularly important to point out the difference between 
the damping value obtained by measurement of the area of the 
hysteresis loop (using constant proof-load, see heading 1(e)) and the 
value obtained from the curve of free vibrations (using a constant 
initial strain, see heading 1(f)). From the hysteresis*loop, he only 
obtained the damping for one loading value; whereas the film record 
of the curve of free swings enabled him to follow how the damping 
changed as the amplitude decreased successively from the pre- 
arranged maximum to zero. The results of damping measurements 
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yielded by these two methods showed, further, that it was not 
practicable to express the damping of material by a single value. 
2.—Behaviour of Damping under Cyclic Loading as derived from 
the Method of Free Vibrations.—As already mentioned, by means of 
the film record obtained with the free vibration apparatus, the 
changes in damping could be derived all the way from the pre- 
arranged maximum amplitude of deformation to the smallest 
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measurable, i.e., he measured the damping at the extremity of 
every vibration as it subsided. The variation in damping, as the 
free vibration decayed, was called the amplitude-function (or strain 
function) of the damping (see curve a in Fig. A). 

The relationship between the damping and the number of 
cycles of strain alternating between fixed limits, was called the 
time-function of the damping. An example would be found recorded 
in Fig. A. Whereas curve a reproduced the damping at the com- 
mencement of the test, the lower curve 6 showed the smaller values 
at the end of 0-75 x 106 cycles of alternating stress. Thereafter, 
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the damping suffered no further change, even after nearly 9 x 106 
additional cycles of alternating stress. The attainment of constant 
damping values after a definite number of cycles of stress between 
limits beneath the fatigue limit, viz., after 1, 3, 5 or 10 million stress 
cycles as the case might require, was expressed by saying that the 
damping had become stable. How the damping varied with the 
strain as a succession of free vibrations subsided from the initial 
greatest amplitude of the series was called the amplitude or strain- 
function of the damping. A series of such curves, each of which 
related to stable damping, made up what was called the field of 
damping. An example of the strain-function of damping was 
presented in Fig. B. The damping curves after fatiguing between 
stress limits of + 22-5, + 30-0, and + 37:5 kg. per sq. mm., had 
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Fic. C.—Typical Forms of Stable Damping Curve (Diagrammatic), the form 
depending partly on the material and partly on the maximum stress. 


become stable after about 1-5 x 10° cycles. It had not been 
possible to ascertain the stable curve for the limits + 45-0 kg. per 
sq. mm., as the specimen broke after about 0-30 x 10® cycles at 
this high stressing. 

In general, two sets of curves sufficed to represent the behaviour 
of the damping of materials:1 First, a set of stable damping 
curves for steps of loading extending up to the alternating fatigue 
strength (defining the so-called “‘ amplitude ” or “ strain-function ’’). 
Secondly, a set of curves showing the change of “ ultimate damp- 
ing”’ in relation to the number of cycles of stress (defining the 
so-called ‘‘ time-function’”’). These curves assumed a number of 
different forms. Various forms of stable damping eurve, plotted 
to a base of strain (or stress), were shown diagrammatically in 
Fig. C. These curves could be straight, parabolic with the axis 


1 A. Esau and H. Kortum, Zeitschrift des Vereines deutscher Ingenieure, 
1933, vol. 77, p. 1133. 
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vertical or horizontal, with a point of inflection, or showing a 
maximum value. The general run of the curves showing damping 
in relation to number of cycles of stress was shown diagrammatically 
in Fig. D. 
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Fic. D.—Variation of Damping with Number of Cycles of Alternating Stress 
(Diagrammatic). The form of curve differs, depending partly on the 
material and partly on the maximum stress. 
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Fic. E.—Influence of Structure on the Damping Capacity (plain carbon 
steel with 0-39% of carbon). 


The steady state attained after a sufficient number of cycles 
could be reached after a gradual fall or rise, or after passing 
through either a maximum or minimum. 

Attempts to discover the laws followed by these vibrational 
properties were rendered difficult inasmuch as the values were 
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seriously affected by heat treatment, which modified the micro- 
structure and tenacity,! as also by cold-work and ageing.? Fig. E 
showed the stable damping curves of a carbon steel (0-39°/ of car- 
bon) for different microstructures. The curves rose steeply in the 
annealed and overheated conditions and for a structure showing 
lamellar pearlite. The same steel yielded flatter curves when its 
structure consisted of troostite or sorbite. The figure showed 
quite clearly that at a strain of, say, « = 0-08%, the damping for 
different structures could easily be more than 100% in excess of 
that obtained when the bar consisted of troostite. 
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Fic. F.—Stable Damping Curves for a Carbon Steel (0:02% of carbon) after 
various cold-working and ageing treatments. The circles in which the 
curves terminate correspond to €,,;,, 7.e., the cyclic strain at the then 
existing fatigue limit. Thermal ageing: 2 hr. at 200° C. in oil. 
Mechanical ageing: 2 x 10° cycles of stress between -+ (a) — 2) kg. 
per sq. mm., where go, denotes the fatigue limit in the stretched but 
unaged condition. 


The amplitude-function of damping for a carbon steel (0-02°% of 
carbon) with and without cold-work and ageing was shown in Fig. F. 
In all cases, the curves related to bars which had been strained between 
the limits + egexw (¢.¢., at the existing fatigue limit) for a number of 
cycles sufficient to attain the stable state. It should be noted that 
after 5° stretching, thermal ageing lowered the damping; but 
mechanical ageing raised it. Yet after 10%, stretching the position 
was reversed, i.e., mechanical ageing resulted in even Jower damping 
than thermal ageing. 

1M. Hempel and C. H. Plock, Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1935, vol. 17, p. 19. 7 

2 F. Korber and M. Hempel, Mitteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1935, vol. 17, p. 247. 











O- 


1€ 


1g 
ts 


or 
of 








METALS, ESPECIALLY STEELS.—DISCUSSION. 435 P 


Still further influences were exerted on the course of the damp- 
ing curves in two different ways: First, by the rapidity with which 
the limits of cyclic stress were raised (overstressing by progres- 
sively raising the stress limits). Secondly, by the frequency 
employed for the cyclic stressing. It would appear from the 
theoretical formula derived by R. Becker,! that the damping de- 
creased at increasing frequencies, as the formula was 


2 9° y 
= ‘> (1 — = tang Pp) 


> eae 
Where 8 denoted the after-working constant (<1). 
/R oe the time of relaxation (7.e., decrease of loading 
with lapse of time). 
v = 2nf (where f was the frequency). 


The above frequency function had been confirmed experimentally 
by H. Kortum ? for duralumin, elektron and brass, using alternating 
torsion at frequencies of from 50 to 90 cycles per sec.; but it did 
not appear to hold for steel, cast steel or copper within the range 
of frequency examined. 

Summing up, it should once more be pointed out that what 
had just been said on the influence of time and intensity of stress- 
ing rendered difficult the formulation of simpler and more definite 
relationships between damping capacity and other properties. 
Such complicating influences denied the possibility of simply 
separating materials into groups according to the course of the 
damping curves in the neighbourhood of the fatigue limit. 

Furthermore, it should here be emphasised that, in view of the 
present gaps in our knowledge concerning the damping of materials, 
especially as affected by duration and intensity of loading, heat 
treatment and alloying elements, it was in the first place essential 
to undertake more scientific research before indulging in far- 
reaching generalisations about the connection between damping 
properties and the service behaviour of machine parts and structural 
members. 

3.—Connection between Damping and other Properties of Materials 
and the Causes of Damping in Relation to Changes in its Value.— 
Investigations on the connection between damping and other 
properties pointed to the following conclusions : First, high tensile 
strength was bound up with low damping and conversely.* Secondly, 
a decrease in damping generally involved an increase in the elastic 
modulus and conversely.! 

1 R. Becker, Zeitschrift fiir Physik, 1925, vol. 33, p. 201. 

2 H. Kortum, loc. cit. 

3 E. Voigt and K. H. Christensen, Witteilungen aus dem Kaiser-Wilhelm- 
Institut fiir Eisenforschung, 1932, vol. 14, p. 151. 

¢ R. Hartmann-Kempf, Dissertation, Wurzburg, 1902, p. 195. 

E. Guthe, Physical Review, 1908, vol. 26, p. 201; 1910, vol. 30, p. 610. 

P. Sieg, Physical Review, 1912, vol. 35, p. 347; 1917, vol. 9, p. 337. 

K. Harris, Physical Review, 1913, vol. 36, p. 95. 
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Clearer differences were manifest in investigations on the 
influence of temperature on the elastic properties.1_ Here, as with 
tenacity and notch-sensitivity, maxima and minima were found 
when curves of damping and frequency of resonance were plotted 
on a temperature base. 

Reference should also be made to investigations on the influence 
of a magnetic field on the changes in the elastic modulus and 
damping of a mechanically vibrating system. For iron, tungsten 
steel, and cobalt, the stretch modulus # increased with increasing 
magnetisation. For nickel and nickel steel, H was at first reduced 
by weak fields, but increased again under stronger fields, so that 
the resultant change in damping was reversed. Both the changes 
in damping and changes in modulus of elasticity produced by a 
magnetic field probably followed similar laws. 

The clarification of the question concerning the connection 
between damping capacity and notch sensitivity * was complicated 
by many factors, such as changes of damping with intensity and 
duration of loading, the presence of external notches (e.g., surface 
damage and changes of section), and internal notches (e.g., struc- 
tural discontinuities, slag, inclusions, porosity), as also by the 
resistance to flow offered by a notched specimen. It was not 
possible to state in general terms that a material of low damping 
capacity must always be notch-sensitive on account of its inferior 
“dynamic toughness.” The question was far more complicated 
than that. Many more extensive researches were necessary to 
arrive at decisive conclusions. 

The question as to the causes of damping and the changes to 
which it was subject offered a rich field for research. The cause of 
damping had to be sought in the plasticity of the material. That 
the changes in damping produced by the number of cycles and 
intensity of cyclic loading were quite different in different materials 
would have to be tracked down to what was taking place within the 
metal to modify the plastic and elastic components of strain. 

Only when the changes in damping had been brought to a 
standstill could it be said that no more changes were taking place 
within the materials. An explanation of changes in damping could 
be pictured as the interplay between consolidating and disruptive 
processes accompanied by raising or lowering of the yield point. 
According to W. Spath,> damping changes could be elucidated by 

1 Koch, Dannecker, and Dieterle, Annales de Physique, 1915, vol. 47, p. 197. 

Lees and Andrews, Proceedings of the Physical Society, 1928, vol. 37, p. 441. 

Dodge, Physical Review, 1918, vol. 11, p. 311. 

Jokibe and Sakai, Philosophical Magazine, 1921, vol. 42, p. 397. 

? Honda and Tereda, Philosophical Magazine, 1907, vol.,13, p. 36; 1905, 
vol. 6, p. 622. 

Esau and Kortum, Forschungen auf dem Gebiet des Ingenieurswesens, 1931, 
vol. 2, p. 429; 1932, vol. 3, p. 144. 

3 O. Féppl, Mitteilungen des Woéhler-Instituts, 1934, No. 18. 

4 H. Kahnt, Dissertation, Jena, 1936. 

° W. Spiath, Archiv fiir das Hisenhiittenwesen, 1934-35, vol. 8, p. 405. 
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the conception of transverse and longitudinal damping within the 
material. Further theories concerning changes in damping involved 
the conception of disappearing plastic inhomogeneity, or intro- 
duced the influence of internal stresses, crystalline slipping, dis- 
tortion of the space lattice, or disruption of the crystallite leading 
to change of structure. 


Dr. T. SwINDEN (Member of Council, Stocksbridge, near Sheffield), 
expressed great appreciation of the paper and of the service which 
Professor Bacon had rendered in bringing the work in question 
before the Institute. The members would be reasonably well 
acquainted with the problem commonly referred to as notch 
sensitivity, though what was to be understood by it was perhaps 
not universally accepted. It was thought at one time that the 
Izod impact value would take care of what was now referred to as 
notch sensitivity, but it was now well known that that was at least 
only partly true, and damping capacity was now advanced as the 
most important characteristic of steel in resisting fatigue flaws. 

He thought it should be recognised that the paper was written 
particularly round steel for a specific purpose, namely, crank- 
shafts, and that the conclusion on the last page, in which the author 
made a specific demand on the metallurgist, should be accepted 
at least with a little reserve. Dr. Dorey, as an engineer, accepted 
the view that this paper and other considerations showed now what 
steel was required, and that it was incumbent upon the metallurgist 
to provide that steel. The paper was an important contribution 
because it did take one further along that line, and it was very 
difficult for the metallurgist in many cases to obtain a clear state- 
ment of the requirements of the steel for a specific purpose. The 
author, in his introductory remarks, was a little more modest, 
and said “ Designing with damping capacity as a basis is in its 
infancy.”” Personally, for the present, he preferred to accept that 
position. 

With regard to the response of different types of steel and 
different types of structure in any one steel to notch sensitivity, 
very considerable information was, of course, available. One 
could recall many instances where a steel with a certain type of 
structure—one essential feature, in his view, being a certain amount 
of free ferrite—had less notch sensitivity and was more suitable 
for certain purposes than would be a perfectly manufactured 
and heat-treated nickel-chromium-molybdenum steel. If he might 
hit back a little at Dr. Dorey, he would say that the metallurgist 
in many cases regarded that as being due to bad design on the 
part of the engineer. It could not be universally accepted, and if 
it were he thought it would represent a retrograde step. After all, 
taking one phase of industry, the construction of aero engines, 
metallurgists were being pressed to supply—and, he submitted, 
were supplying—higher and higher tensile steels, but it was evident 
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that the damping capacity of some of those steels, on the author’s 
definition, was lower than that of many ordinary low-tensile 
structural steels; yet it was found that, through the provision of 
these high-tensile steels, with other excellent properties, it had been 
possible to reduce the weight of the engine and to increase the 
horse-power per pound weight in a way which in the absence of such 
a development would have been impossible. 

In making those comments, he would not like them to be inter- 
preted as in any way derogatory to the excellent work described 
in the paper, which was being followed very closely in England. 
He would like, however, to emphasise that he would prefer to 
accept the author’s statement that designing by damping capacity 
was in its infancy. It was one factor among many, and there 
should not be ill-considered specifications or requests for material 
which did not take into very full consideration the other obviously 
requisite properties. After all, the fact that certain materials had 
quite low true elastic limits was well known, yet in some cases they 
would stand stresses of a very high order, whilst their damping 
capacity was comparatively low. 

He looked forward with interest to the author’s reply to Dr. 
Dorey’s question as to the properties of these steels after being 
subjected to the damping tests. Referring again to the last page 
of the paper, where the author said that what was required was a 
steel with no truly elastic range, and so on, one’s understanding 
had been that although the true elastic limit of, say, air-hardening 
nickel-chromium steel was low in the treated condition, it was in 
fact raised in the early period of its service. 


Professor F. Bacon (Swansea) said that, as one who had been 
privileged during the last few years to pay several visits to the 
author’s Institute at Brunswick, it was a great pleasure to him to 
see how interested the members of the Iron and Steel Institute 
were in the valuable work which the author had been doing, and he 
felt that many who read German with difficulty would value the 
responsible presentation, contained in the paper, of the author’s 
views arrived at as a result of a continuous study of the problem 
for the last ten or twelve years. There were not many people who 
could face the troubles and difficulties involved in making the tests 
in question. Anything worse for the purposes of a reception test 
than the kind of study necessary for producing the curves shown 
in Fig. 2 would, he thought, be difficult to find. Without having 
seen how it was done, it was difficult to appreciate how many hours 
of testing work and how many troublesome adjustments and 
readjustments were involved. J 

It would be very interesting to see how the author would deal 
with the questions which had been raised, and especially with 
the different shapes of curves which Dr. Hempel had shown. From 
his own reading of the subject, it seemed to him that the Wohler 
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Institut occupied a unique position at the present time in being 
able to obtain consistent curves of one shape only, and he was 
wondering whether the explanation of that was not to be found in 
the exact way in which those curves were obtained. The author was 
using the decay of torsional oscillations from a maximum amplitude, 
and so all the lower values were obtained with a definite past history. 
He was wondering whether the author could say what would happen 
to those curves if it were possible to describe them in converse 
order, so that, instead of coming down from a maximum amplitude 
of stress to zero, it was the other way round. 

In his own case he had been measuring the temperature rise of 
fatigue specimens. He had only been able to make isolated observa- 
tions here and there, and it was not to be wondered at, he thought, 
that the experimental points did not lie on very smooth curves; 
but he would like to mention that he had never found a case which 
conflicted with the views which the author had expressed so cogently 
on the third page of his paper, where he wrote: “‘ For steel, at any 
rate, it has been positively proved experimentally that the capacity 
for dissipating energy in the form of heat by damping is unlimited, 
and that the process can be continued indefinitely without any risk 
of ultimate failure by fatigue.”” The author said, just before 
that passage, that ten years ago views in Germany conflicted with 
those two conclusions. Personally, he thought he was correct in 
stating that the English and American literature on the subject 
dating back five or ten years was equally misleading. 

He would like to mention how it came about that he had taken 
such interest recently in the author’s work. He was working on 
notch sensitivity under reversed stresses, and suddenly changed 
over from straight carbon steels to austenitic steels, and then he 
was immediately faced with tremendous damping effects at ranges 
of stress which proved to be safe. His conditions were such that 
if the specimens heated perceptibly when he was working with the 
straight carbon steel he could be sure the specimen would break 
before long; but, to his surprise, he found that the austenitic steels, 
although they became very much hotter than anything he had 
experienced before, would often continue to run indefinitely. 

Some particulars of two of his tests on austenitic steels were as 
follows : 


TEMPERATURE VARIATIONS DurRING Rotary BENDING TEsTs oF Two 
AUSTENITIC STEELS. 
Maker's Analyses. 


Steel. C. %. Mn. %. Si. %. Ni. %. Cr. %. Th OG; 
A 0-20 0:3 1-16 8-56 20:8 1-54 
B 0-12 0-74 1-80 8-7 21-8 0-13 


Heat Treatments : 
Steel A: As received. 
Steel B: Air-cooled from 1100° C. 
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Mechanical Properties : 
Steel A. Steel B. 

Ultimate tensile strength. Tons per sq. in. : 43-6 45 
Yield point. Tons persq.in. . : , : 30 28 
Elongation on 2in. % . : : : , 37 47 
Reduction of area. % ‘ ; , , : 60 60 
Izod value. Ft.lb. . . . ; : - 49-55 61-72 
Vickers pyramid hardness number. ; . 253-254 219-246 


Fatigue Tests: 
Gauge length: }in. dia. x 3 in. long, subject to uniform bending moment. 
Speed: 1250 r.p.m. 


Stress Limits. Number of Cycles Temperature Rise. 
Steel. Tons per sq. in. Run. *@, 
A + 18-0 400,000 50 
10,000,000 35 
25,000,000 (unbroken) 33 
B + 17-6 500,000 55 
20,000,000 42 
120,000,000 (unbroken) 42 


It would be seen that in both tests the temperature rise reached 
a steady state after about 15,000,000 cycles, which, though less 
than the initial value, was still very substantial. 

According to the author, the ultimate damping often exceeded 
the initial damping. Could he offer any explanation of how that 
occurred ? 


Dr. R. MarLANvDER (Essen, Germany) said that damping capacity 
had been brought into relationship with the plasticity of materials. 
That the damping capacity of steels decreased in general with increas- 
ing strength. that was, decreasing plasticity, pointed to the existence 
of such a relationship. Theexperimentsof Dr. Hempel also indicated 
that the damping capacity of a steel varied in the same sense when 
its structure was altered. These observations supported the 
supposition that there was a relationship between the damping 
capacity and the notch sensitivity, because the latter decreased 
with increasing strength of the steels. 

Further observations, however, suggested that the damping 
capacity was also dependent upon other causes, such as, for instance, 
internal notch effects in the material. It was known that cast iron, 
for instance, in which the graphite inclusions had a marked notch 
action, possessed a damping capacity which was considerably greater 
than that which would be expected from the composition of the 
ground-mass. The experiments on solid bars and riveted bars 
described in the paper showed that the work of friction ia such notches 
(i.e., in this case at the surfaces of contact between the halves of the 
bars riveted together and between the bar and the rivet heads) 
could attain to very considerable values in relation to the damping 
of the material itself. The author had already shown that for 
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these reasons, greater damping capacity was to be expected from 
riveted than from welded bridges. 

In all probability there were still other factors on which the 
damping capacity depended, and it was to be supposed that the 
intensity and duration of stressing would work out differently in the 
individual factors. The superposition of several influences could 
then lead to such varied relationships between the damping capacity 
and the extent and duration of stressing as Dr. Hempel had shown. 





CORRESPONDENCE. 


Dr. N. P. Ineuis (Stockton-on-Tees) wrote, with reference to 
the author’s statement on p. 395 P regarding the correlation of the 
fatigue limit with the amount of energy expended as “ mechanical 
hysteresis ’’ or “internal friction” or “‘ damping,” that attention 
might perhaps be called to the present writer’s paper in T'he Metal- 
lurgist in February, 1927, and which described experiments which 
were done some 10-12 years ago. Those experiments showed quite 
conclusively that the work done by a Wohler rotating fatigue 
specimen as ‘‘ mechanical hysteresis ” (or damping) bore no definite 
relationship to the fatigue limit, and, moreover, that this work 
could be infinitely great without causing the formation of a fatigue 
crack. In those experiments the actual amount of work done as 
hysteresis on various specimens of low-carbon steel under various 
alternating stresses was determined, and, as an example, cases might 
be quoted of specimens which withstood total amounts of work done 
of over 1000 in.-tons without fracture taking place. Of course, 
that energy was expended in the form of heat, with a resultant 
increase in the temperature of the specimen. The work done per 
cycle was greater the greater the stress range of the cycle, and for 
any one range of stress the work done per cycle increased during 
the first few millions of cycles and then attained a constant value. 
Those experiments confirmed very fully the statements made by the 
author on p. 396 Pp, but the writer mentioned those earlier experiments 
because he believed that they represented the first comprehensive 
investigation to determine the relationship, if any, between the 
amount of work done as hysteresis and the initiation of a fatigue 
crack, Apparently the work done as hysteresis was not per se the 
cause of the formation of a crack. 

Now, with regard to the practical importance of this so-called 
“ damping capacity,” the writer would like to draw attention to a 
further paper in The Metallurgist, published over nine years ago, in 
September, 1927; in it the writer drew attention to the importance 
of measurements of ‘“‘ mechanical hysteresis” or ‘“‘ damping 
capacity ”’ (the latter term was not then in use) as a means of gauging 
certain service values of materials. In particular, the value of this 
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method of testing as a means of gauging the “ notch sensitivity ”’ of 
different materials was especially dealt with. So far as the writer 
was aware, this particular paper was the first in which the actual 
practical value of these measurements of damping capacities was 
examined. The writer would be very interested if Dr. Fdéppl, 
from his much more extensive experience on this subject, would say 
whether that was so. 


Dr. J. Dick (Sheffield) wrote that the property of metals described 
by the author had not, up to the present, received the attention it 
deserved. It was important not only for minimising vibration 
amplitudes and stresses but also for the rapid damping of stress 
waves caused by impacts. The methods of investigation described 
and the data given in the paper should be of great help in further 
investigations. 

A classification of the steels which gave good damping with 
maximum safety would be of great value. The author mentioned 
specially steels which gave increased damping capacities as the 
number of stress cycles was increased, but it should be remembered 
that there were large classes of steels for which the reverse was the 
case. The data in the paper showed that the austenitic steels gave 
low values of the ultimate damping ratio. That was to be expected 
when one considered the effect of plastic strains in accelerating phase 
changes in such steels. The phase changes which occurred caused 
hardening and hence decreased the damping ratio. 

A cold-worked steel, such as a drawn wire, might also be expected 
to exhibit a gradually decreasing damping ratio under certain cir- 
cumstances. Such a steel had considerable residual stresses after 
manufacture, and the application of a small load caused the sum of 
the residual and applied stresses to exceed the elastic limit at various 
points in the steel; that resulted in small plastic strains. Within 
limits, the plastic strains in this case caused no appreciable change 
in the other properties of the steel, hence they enabled it to with- 
stand occasional shock loads without detriment. It would appear 
that this was one of the properties which made such a steel peculiarly 
suitable for use in haulage and suspension ropes. The plastic 
strains resulting from the application of a load to a cold-drawn 
wire altered the residual stresses in such a way that the maximum 
shear stresses were reduced. A repetition of the same load gave 
lower maximum shear stresses and hence smaller plastic strains. 
The ratio of plastic to elastic strain in a cold-drawn wire was thus 
influenced largely by the previous history of the wire. Under 
eyclic variations of load, the plastic strains gradually altered the 
residual stresses, and this alteration resulted in a reduction of the 
damping ratio for the particular range of load applied. 

The latter phenomenon was observed by the writer during 
torsional fatigue tests on some specimens of cold-drawn wire. 
The tests were carried out in the Stromeyer type of machine used 
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and described by Lea and Batey.!_ In this machine one end of the 
specimen was oscillated through a certain angle, while the other end 
was attached to a disc constrained to move about the axis of the 
specimen. The result was a forced angular oscillation of the disc. 
The moment of inertia of the disc was known, and if the amplitude 
of movement and the frequency of vibration were measured, the 
range of torque could be calculated by assuming simple harmonic 
motion. 

Fig. G showed the variation of torque amplitude for two different 
specimens. The increasing torque at the beginning of each test 
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denoted decreasing damping capacity. The diagram also gave an 
indication of the extent of the damping, and emphasised the 
importance of the property under consideration. 

The wire tested had been prepared to a specification which 
demanded : 


(a) The carbon content should be not less than 0:70% and not more 
than 0:80%. 

(6) The blooms or billets used in the manufacture of the rods from 
which the wires were made should be turned or ground all over. 

(c) The rods from which the wires were made should be turned or 
ground all over at some stage during manufacture of the wire. 


In the present case the grinding of the rods was carried out 
between the patenting and drawing operations. The patented rod 


1 Proceedings of the Institution of Mechanical Engineers, 1928, vol. II., 
p. 865. 
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was 43 in. in dia.; this was ground to 0-370 in. in dia., and drawn 
to 0-160 in. in dia. The wire was spun after drawing to obtain 
straight lengths. 

The analysis of the steel was : 


0:78% C; 0-69% Mn; 0:13% Si; 0-035% S; 0-034% P. 


The data given in the paper showed that steels of low or medium 
carbon contents gave the best damping ratios, but the comparatively 
low fatigue strength of such steels was a drawback. Case-hardening 
could increase the fatigue strength considerably if the steel was used 
in bending or torsion. That need not cause any great reduction of 
the damping ratio for a given range of stress, and, since greater 
ranges of stress were permissible in the case-hardened steel, the 
total amount of useful damping could be considerably increased. 

A mild steel tested in a Wohler machine gave an endurance 
range of + 16 tons per sq. in. on a 10? reversals basis. The analysis 
was : 

016% C; 066% Mn; 0:049% S; 0-05% P. 


After case-hardening in sodium cyanide the endurance range was 
found to be + 28 tons per sq. in. Fig. H showed the hardness- 
depth curve for a case-hardened specimen, and indicated that the 
hardened case was 0-012-0-013 in. thick. Assuming the stress to 
be proportional to the distance from the centre, the endurance 
range in the mild steel just under the case was + 25 tons per sq. in., 
which was much greater than the range given by the non-case- 
hardened specimens. The increased damping was evident in the 
comparatively high temperatures of the case-hardened specimens 
during the tests. 


Dr. J. F. SHANNON (Glasgow) wrote that he was greatly interested 
in the type of testing described in the paper, as it suggested further 
possibilities in other directions. For example, the test-piece could 
be made in the form of a model crankshaft, so that the effect of sharp 
corners, fillets, and various types of “ stress raisers’’ could be 
examined. This test would be comparable with actual practice, as 
in the case of torsional vibration in engine systems. In such a 
test the stress in the uniform part would require to be kept quite 
low, otherwise fatigue failure would occur at the points of stress 
concentration. In fact, it was found in practice that the life of 
low-carbon steel crankshafts was very short, if the vibratory stress 
in the equivalent uniform part of the shaft was as much as + 5 tons 
per sq. in. 

In this connection it should be noted in passing tltat the uniform 
shaft stresses in Geiger’s experiment, quoted on p. 407 P, were as high 
as + 6-5 and + 12 tons per sq. in., which corresponded, on Fig. 2, 
to yo values of 0-0012 and 0-0023. These stresses were abnormal, 
and therefore the quoted percentages of the total energy of torsional 
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oscillation converted into heat by the internal damping of the 
crankshaft steel, were quite unusual. 

The results in Fig. 2 showed that damping capacity was suscept- 
ible to heat treatment, and the beneficial effect of annealing was 
illustrated by test-bars 805 and 799. On the other hand, cold-work 
with subsequent rest periods and mild heat treatment by heating 
in boiling water, had adverse effects on the damping capacity, and 
the writer would like to know if these effects were permanent. 
He also wished to ask, in view of the necessity in practice of keeping 
the nominal cyclic stress in the uniform parts of shafts well below 
+ 5 tons per sq. in., if the small primary damping, brought out by 
Dorey’s experiments,! increased after continued repetitions, pro- 
vided that the stressed never exceed +- 5 tons per sq. in. 


Dr. O. J. HoreGer (Canton, Ohio, U.S.A.) wrote asking could 
the author submit some explanation for the great divergence in 
damping capacity indicated by the two curves in Fig. 4¢ From 
the paper it appeared as though both curves were for steels all from 
one heat and all given the same heat treatment, but the writer 
would like to ask if such was the case. If these two bars were 
from different heats of steel, did the author believe that melting 
practice would have some influence on the large variations in 
damping capacity shown? Pre-stressing the bar in torsion previous 
to the bending tests might have had some influence, depending 
upon conditions of test not revealed in the paper. 

The author stated that damping capacity was liable to vary a 
great deal with the number of stress cycles. Much of the data 
reported in the English literature gave damping factors only for 
materials not previously subjected to cyclic stresses. Could the 
author give a table of values of damping factors for several different 
steels before and after cyclic stressing to show what variation might 
be expected ? 

The author was to be congratulated upon the excellence of the 
subject discussed in this paper, and it was hoped that he would 
contribute further to the English literature. 


Professor F. C. Lza (Sheffield) wrote to express his appreciation 
of the paper presented by Professor Féppl. It dealt with a matter 
of very great importance in modern engineering. If hysteresis 
could be relied upon to occur during cycles of stress produced by 
oscillations, sufficient to damp out oscillations before strains became 
dangerous, then the engineer would be saved much trouble. The 
real difficulty was to find a material that would give sufficient 
hysteresis to damp out the energy increments arising from conditions 
external to the machine elements subjected to oscillations. 

Twenty years ago the writer showed that hysteresis loops of 

1 Proceedings of the Institution of Mechanical Engineers,. 1932, vol. 123, 
p. 479. 
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very small area could be obtained from a mild-steel bar, tested in a 
special torsion machine, at ranges of stress much below the usually 
defined elastic limit. It was also shown that both positive and 
negative creep took place at stresses well below that at which 
yield occurred of such magnitude that it was easily seen. The care- 
fully conducted experiments showed that under torsional stresses 
hysteresis loops were obtained at low loads, the area of which de- 
pended upon the stress range. A complete cycle, for example, for 
a stress range of + 7600 lb. per sq. in. was obtained, followed by a 
cycle from 0 to 7600 lb. per sq. in.; a loop was obtained in each 
case. A loop for a range of + 15,200 lb. per sq. in. was then 
obtained, followed by loops for much smaller ranges. For a definite 
range of stress the area of the loops was slightly greater, the nearer 
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Fie. I.—Torsional Hysteresis of Mild Steel. 


the mean stress was to zero stress. Further, the area of the half 
loop obtained on first loading from zero to a positive stress and then 
unloading to zero was much greater than the loop obtained from zero 
to the same stress on the second loading. 

When the bar was stressed so that definite yield occurred the 
hysteresis loop for any stress range was much larger than before 
yield occurred. For example, before yield a hysteresis loop similar 
to No. 2, Fig. I, would be obtained. After yield at 21,280 lb. per 
sq. in. the bar was unloaded to point c, Fig. I, corresponding to a 
negative shear stress of 6080 lb. per sq. in. Creep ca occurred. 
The loop MBDC was obtained. Small creeps occurred at various 
loads. The material was clearly in an unstable condition. The 
bar was allowed to rest for 18 days and the loop EFGH was then 
obtained, for stress ranges much greater than for M BDC, and there 
was no creep. The bar was now placed in boiling water for about 
1 hr. and the loop PQRS was then obtained. A cold-drawn steel 
tube tested in bending to a range of stress 0-28 tons per sq. in. 
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gave a large half loop. After heating a similar tube at 400° C. 
for a few minutes only a very small half loop was obtained for a 
range of stress 0-30-6 tons per sq. in. Fig. J showed hysteresis 
loops obtained from a duralumin bar. Further tests showed that 
for any particular range the hysteresis loops diminished in area 
as the cycles were repeated. Fig. K showed half loops obtained in 
tension from a cast-iron specimen. After stressing to 11 tons 
per sq. in. the area on second loading was very much less than on 
first loading. 

As pointed out by the author, the important point, from the 
point of view of damping, was whether the hysteresis loop diminished 
in area as the cycles were repeated. The writer had carried out many 
tests under rapidly repeated cycles of stress, during which very 
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Fic. J.—Hysteresis Loops of Duralumin in Torsion Cycles. 


perceptible heating of the specimen had occurred. Heating was 
evidence of damping. A specimen of stay! brite steel was tested in 
direct-stress cycles at a range of -++ 10-75 tons per sq. in. The 
specimen became so hot that a match was ignited by touching it, 
but it gradually cooled down and the cycles were continued, and it 
withstood 40 x 10® cycles without signs of fracture. The hardness 
increased from 106 to 205 (diamond pyramid). A specimen of 
mild steel when tested under cycles of bending stress broke at a 
stress range of + 15 tons per sq. in. without perceptible heating. 
Specimens of the same steel were case-hardened to a depth of 
about 0-005 in.; the hardness after heat treatment was 540. On 
subjecting specimens to cycles of bending stress at stress ranges 
greater than + 30 tons per sq. in. the specimen heated and fracture 
occurred ; at a range of stress of -- 29-5 tons per sq. in. the specimen 
withstood 107 repetitions without fracture. The mild steel under 
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the case was stressed to more than +- 24 tons per sq. in., but there 
was no sign of cracking. During the test on this specimen the 
temperature rose considerably, and then became little greater 
than the atmospheric temperature. Other tests had shown that 
around holes in steel plates local heating and plastic hardening 
could occur and that the fatigue range for a plate with a small 
hole in it, instead of being one-third of that of the undrilled plate when 
elastic conditions were assumed, was nearly equal to that of the un- 
drilled plate. 

Mild steels gave considerable hysteresis, and thus damping, 
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when stressed above certain values, but there seemed to be no doubt 
that if the same stress ranges were repeated the same damping 
would not be obtained. With quenched and tempered steels the 
damping for the same proportional stress increase was not likely 
to be as great as for mild steels, but much larger stress ranges, due 
to oscillations, could be resisted than for mild steels. AKefmB, 
Fig. L, showed the same fatigue range for more than 10’ repetitions 
for a mild steel for various mean stresses. Suppese a machine 
element was working at a mean stress On = nq and ba was the stress 
range. Then mk/ab might be called the factor of safety. Suppose 
now that oscillations occurred; then the stress range would be 
increased, but this could not happen without the maximum stress 
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exceeding that at which considerable plastic deformation took 
place, and then for a large number of cycles hysteresis and damping 
would occur. Work-hardening would also occur and the safe 
fatigue range might possibly be increased. On repetition of the 
oscillations the damping would be less, but unless they continued 
beyond a certain number a crack would not be produced. 

The safe range of stress, for various mean stresses, for a quenched 
and tempered steel would probably be of the form CFD. The higher 
the tensile strength of the steel the less was the ratio of the fatigue 
range at zero mean stress to the breaking strength. If dc was 
the working range at a particular mean stress, the safe range was 
hg. In this case considerable damping would not occur until 
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oscillation stresses, of the order of OC or even hg, were produced, 
and, comparing the two curves, there was relatively more reserve 
in the mild steel than in the quenched and tempered steel to damp 
out increased accidental or oscillation stresses. Incidentally 
there was, for the same reason, relatively more reserve to deal with 
sudden blows and to diminish the effect of stress concentrations. 
Neither the mild steels nor the quenched and tempered steels could 
be relied upon to continue to damp out oscillations, as there was 
every probability of the damping effect diminishing each time 
particular stress ranges were repeated. 

As an illustration of a steel that, in order to cut freely, was made 
so that turnings broke off in a brittle manner, the following test 
of a round 3 in. dia. bar, of free-cutting steel, was of interest. A 
direct-current motor was made to drive a very small alternator, the 
wave form of which could be registered by an oscillograph, through 
the bar, which had two discs connected to it. There seemed to. be 
1936—ii GG 
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no good reason why oscillations should be set up, except by the 
small variations of torque due to the motors. That torsional 
oscillations were set up at synchronising speeds was, however, 
clearly shown by the form of the wave, and although they could 
not be observed with the naked eye they were sufficient to crack 
the shaft longitudinally, showing that fracture occurred by shear 
stresses. 

It was clear that damping could occur owing to hysteresis, 
but it was doubtful whether it was at all safe for engineers to rely 
upon this; rather they should design so as to remove the risk of 
oscillations. Where there was a probability of uncertainty, or 
stresses due to blows or discontinuities were likely to be met with, a 
high fatigue range, allied with plastic properties, was necessary to 
meet those conditions. 





AUTHOR’S REPLY. 


Professor F6prt replied that most of the contributions to the dis- 
cussion were concerned with the question whether notch-sensitivity 
could be deduced from the damping capacity. A number of con- 
tributors to the discussion (e.g., Dorey, Swinden, Mailander and Lea) 
were disposed to accept his contentions as substantially correct ; 
but others (e.g., Hempel) denied that there was any relationship 
such as he maintained. In order to throw light on this matter, he 
submitted the following arguments : 

(1) Damping arose from the plastic component of strain. The 
damping ratio y could be directly computed from 4, the ratio which 
the plastic strain bore to the total strain. The relationship was, in 
fact: 420-2. It was many years since he had first published 
this numerical equation. Confirmed by himself from time to time 
by further experimental measurements, it had been quoted and re- 
quoted in a number of scientific publications. As far as he was aware, 
no experimental measurements had been made by independent 
observers to confirm it ; on the other hand, from no quarter had its 
validity been challenged. 

(2) But at high stresses, when considerable plastic strain occurred 
in addition to the elastic strain, it followed that at spots where pure 
elastic strain would involve very high concentrations of stress, relief 
occurred, owing to the additional yielding in the vicinity, which 
spread the stress more uniformly over a wider area. In consequence 
of the plastic component of strain, part of the stress at the endangered 
spot was transferred to adjacent parts of the material. The greater 
the additional plastic yielding at the point of greateststress, or, from 
(1), the greater the damping, the greater was the transfer of stress. 

(3) The spots at which exceptionally high concentration of stress 
occurred, and so where the danger of cracking was greatest, were 
notches, flaws, surface scratches, &c. In accordance with argument 
(2) above, peak stresses at such spots would not be so severe in 
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material of high damping capacity as in more truly elastic material 
possessing poorer damping qualities. 

The preceding arguments were illuminating and incontestably 
correct. Not one of his critics had ever been able to show that any 
fallacy lay hidden in these three points. An additional manifestation 
still remained to be taken into account. 

Dr. Mailander quite rightly pointed out in his communication 
that additional flaws might be present in the material, on which the 
reduction of fatigue strength at a notch would considerably depend. 
In such a non-uniform material, the effect of a notch would depend 
greatly upon whether it happened to fall in the neighbourhood of a 
flaw, or in a relatively sound part of the material. This contention 
was in complete agreement with a well-established fact to which 
he had already many times drawn attention. In a non-uniform 
material, it was quite futile to talk about its notch-sensitivity, as 
the sensitivity of a notch depended upon accidental contingencies 
associated with its position. Hence, the material could not be said to 
possess a definite notch-sensitivity. In this case, his assertion that 
the notch-sensitivity of a material stood in inverse ratio to its damp- 
ing capacity must naturally fail. But it failed, not through any fault 
in the reasoning, but simply because the material in question did not 
possess any definite notch-sensitivity. 

Since 1925, he had dealt with the relationships between damping 
capacity and notch-sensitivity (7.e., reduction in peak stresses) in a 
large number of publications. The first occasion in Germany when 
he brought forward his views was in a lecture before the Association 
for Applied Mathematics and Mechanics in Dresden in March, 1925. 
They were published in the Association’s Report (Zeitschrift fiir 
angewandte Mathematik und Mechanik, 1925, Apr., p. 133). His 
first publication on the same theme outside Germany appeared in 
the Schweizerische Bauzeitung of Dec. 5, 1925. He was pleased to 
learn from the communication of Dr. Inglis that he himself had 
reached a similar conclusion in England at about the same time. 

In several quarters his opinions on the importance of damping 
capacity in assessing material had been misunderstood. Even to- 
day, he had to battle against the view generally met with in engineer- 
ing circles, that there was no need to trouble about the damping 
capacity of materials. So it had been a great pleasure to find that 
many who had taken part in this discussion were disposed to accept 
his point of view in this matter (e.g., Dorey, Swinden, Dick, and 
Mailander). Still, an over-estimation of the importance of damping 
would be just as misplaced as an under-estimation. 

In this connection, considerable misapprehension had arisen 
concerning the last paragraph in the paper, wherein it was stated 
that where welded joints were substituted for riveting, a steel was 
needed which had a high damping capacity at low stresses—a steel 
not available at present, but one which the steelmaker should seek 
to provide. Such a steel would not be good in an absolute sense, 
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but only specially suitable for this particular purpose. On the con- 
trary, for crankshafts, for instance, or for other machine parts liable 
to dangerous vibration, a steel was needed which possessed consider- 
able strength, and, above all, high resistance to wear. At the same 
time, the steel should manifest considerable damping before the 
fatigue limits were reached, i.e., the damping capacity at the fatigue 
limit should be large. For such a steel, it would be unnecessary, 
indeed undesirable, that heavy damping should be developed at low 
stresses. 

Similar considerations applied to damping capacity on account 
of its connection with notch-sensitivity ; in order to keep the notch- 
sensitivity low, it sufficed if considerable damping manifested itself 
shortly before the endurance limit of strength was reached, i.e., pro- 
vided that considerable plastic strain then occurred along with the 
elastic strain. 

Unfortunately, he was unable to give more precise information 
about the kind of structure which imparted the greatest damping 
capacity to steel, or concerning the influence of heating on damping, 
as asked for by Dick, Dorey, and Bacon. The answers to these 
questions would be forthcoming from industry as soon as the big 
steelworks occupied themselves with the damping capacities of the 
steels that they produced, and their customers specified the damping 
values that they wanted to obtain. Nor did he know to what extent 
the damping values differed when specimens which have been cut 
out from different parts of a big block of steel were tested. 

His remarks in this connection, concerning the disparity between 
two samples of steel tested by Sonnemann (see Fig. 4), had been 
partly misunderstood by Dr. Dorey and Dr. Horger. Both these 
steels were of the same brand, but they were from different charges, 
and quite likely were actually produced by different rolling mills. 
The one was a square bar of certain dimensions for bending tests, 
and the other was a square bar of different dimensions supplied for 
torsion tests. Out of the bar intended for torsion tests, blanks of 
reduced cross-section were afterwards machined, in order to conduct 
comparative tests for bending with specimens cut from a bar intended 
all the time for bending tests. The author and Sonnemann had been 
very much astonished to get results which differed so widely in damp- 
ing properties, seeing that both sets of specimens had been machined 
out of steel supposed to be of the same brand. 

Naturally, one might also have obtained different values in a 
tensile test, but they would not have been anything like so large as 
in the damping test. In reply to Dr. Horger’s query, the bending 
specimens made from the bar intended for torsion specimens had 
not been stressed in torsion prior to the bending tests. The results 
obtained by Sonnemann proved to be an exceptional case. The 
discrepancies observed between other steels of the same brand, but 
from different casts, had not been so great. 

When once the damping of a certain steel had been determined, 
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and also how it changed with time (i.e., with the number of stress 
cycles), one could rely on the damping, much in the same way 
as one could rely on the tensile strength (see Hempel and Swinden). 
Still, he agreed with Professor Lea that the designer of a Diesel 
engine crankshaft, for instance, should take special care that, as far 
as might be possible, no resonant vibrations took place in the shaft. 
If this were done, the damping of the material of which the shaft was 
made would appear to be superfluous. The case was analogous to 
that of the stoker in charge of a boiler plant who must make it his 
first duty to see that the boiler never generated too much steam. 
Still, he would maintain it to be wrong if the stoker, trusting entirely 
to his reliability in managing the boiler, proceeded to screw down the 
safety-valve. 

It had been pointed out from several quarters (see Dorey and 
Shannon) that the large amount of damping that Geiger had 
measured in a crankshaft occurred at stresses much in excess of 
those allowed in design. Here one must remark that unfortunately 
‘ases arose in practice where the working stresses were so much 
exceeded at certain spots that on occasions fracture actually occurred 
owing to fatigue. These were the very cases in which it was of special 
interest to know how the material behaved at exceptional stresses 
which fell just short of the fatigue limit. It depended on its be- 
haviour under such circumstances, whether fatigue fracture resulted 
or whether the shaft could run indefinitely within a critical range of 
stress without sustaining injury. 

Instead of the damping ratio », Dr. Hempel made use of the 
logarithmic decrement 3 in relation to the stresses and _ strains. 
He (Professor Féppl) hardly thought that engineers would follow his 
lead in this direction. What interested them was the material, 
rather than the character of the oscillations. Damping was a pro- 
perty of the material, depending upon the alternating stresses to 
which any element of it was subjected, without reference to whether 
the alternating stresses were called into play by a decaying oscilla- 
tion or by any other means (e.g., by the rotation of a shaft subjected 
to bending stresses in the vertical plane). 

Of particular interest to the engineer was the elementary damping 
ratio Yj», which could be calculated from the mean damping ratio y. 
But the logarithmic decrement of swing 3 could not be so intelligibly 
referred to an element in the surface of the shaft. An additional 
conception was involved in the logarithmic decrement, namely, 
that of oscillation, which really had nothing to do with the damping 
properties, and therefore should preferably be left out of account in 
the definition of the damping capacity of the material. 

Professor Bacon was quite right when he pointed out that the 
damping curves ) = f(y) would differ according to whether the 
measurements were made on oscillations which were increasing or 
decreasing in amplitude. The past history of the specimen exerted a 
considerable influence on the experimental results obtained. To 
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throw more light on this question, they had conducted comparative 
tests in the Wohler Institute, using not only the method of free 
torsional oscillations but also the starting-up test method. All the 
experiments were carried out on similar specimens. In this way 
vhey managed to get consistent curves for copper, brass, and two 
steels.? 

Concerning damping measurements made by means of the tem- 
perature attained in the steady state, Dr. Hempel went astray. 
When light alloys did not display any temperature rise in a fatigue 
test, it was a sign that their damping was zero within the limits of 
accuracy of the fatigue test. Should it, nevertheless, transpire that 
the method of decaying oscillations yielded a greater value, it must 
be taken as a sign that additional external damping had crept in to 
mask the true damping capacity of the material. 

It was quite true that the method of suddenly breaking the 
current flowing into the apparatus and then recording the wave of 
decreasing amplitudes employed by Dr. Hempel was simpler than 
the method used in the Wohler Institute, but it was likewise less 
reliable. The great danger to which the measurement of damping 
by decay of oscillations was liable was that it was so easy to include 
additional sources of damping, and in this way to obtain values 
which were too large. It was especially deceptive when the clamping 
was not entirely rigid, so that some of the energy of the vibrating 
specimen could be communicated to the surroundings. The best way 
to guard against this contingency was to tighten the grips afresh 
before every train of oscillations, as was done in the Wohler Institute. 

Dr. Hempel further maintained that it was premature to draw 
practical conclusions from damping measurements. In this he 
(Professor Féppl) was unable to agree with him, as damping con- 
siderations had already led the M.A.N. (Geiger) to manufacture 
crankshafts of lower hardness and tenacity, in order to secure steels 
of greater damping capacity. Quite recently, K. Liirenbaum, of the 
German Research Institute for Aeronautics, had taken up the same 
standpoint as the author had in a paper that he read on December 4, 
1935, before the Munich Branch of the Verein deutscher Ingenieure 
(see p. 348 of the Report). Practice could already draw certain 
conclusions from damping measurements made in research labora- 
tories. It was well that this should be done, as by practical 
experiment new questions would emerge which the research labora- 
tories would have to solve. 

To the query of Dr. Shannon, he regretted to admit that he him- 
self did not know whether damping which had been changed by 
cyclic stressing tended to return to its original value with lapse of 
time, or what other changes might slowly take place.* At any rate, 
it was clear from their experiments, that a period of rest after a 
fatigue test could have a considerable influence on the damping. 

1 Knackstedt, Mitteilungen des Wohler-Instituts Braunschweig, vol. 4, 
sections 28 and 29. 
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Here it should also be noted that it was not by any means the damp- 
ing only which was involved. In consequence of cyclic stressing, 
other mechanical properties (e.g., tensile strength and elongation at 
fracture) underwent a change, which change would also be affected 
by periods of repose. The only difference was that the changes in 
damping were relatively greater than the changes in the remaining 
mechanical properties. 

Finally, special interest attached to the communications of Dr. 
Dick on the damping of wires, of Professor Lea on the hysteresis 
loops of different steels, and of Dr. Hempel concerning the various 
methods of damping measurement. 
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CONTROLLED GRAIN SIZE IN STEEL. 


THE EFFECT ON MECHANICAL PROPERTIES AND 
SOME SUGGESTIONS CONCERNING THE THEORY 
INVOLVED. 


By T. SWINDEN, D.MEt., anp G. R. BOLSOVER, F.Inst.P. 
(SHEFFIELD). 


SYNOPSIS. 

The authors consider that the subject of controlled grain size 
in steel has not received the recognition in this country which it 
deserves, and have presented tests on a selection of steels made 
specially to demonstrate the difference in physical properties between 
relatively coarse and fine grain on the same cast of steel. 

Eighteen types of steel are used, in which the only variable within 
practical limits is the grain size. Inherent grain size is a character- 
istic of the steel controllable as a function of steelmaking. It is 
shown that fine grained steel, compared with coarse grained steel 
of precisely similar quality, has certain well-marked differences 
in physical characteristics, and that where the engineer desires a better 
Izod value with a given tensile strength, or conversely a somewhat 
higher tensile strength with a given Izod value, it is advisable to 
consider the possibility of achieving the objective by a study of 
controlled grain size as an alternative to the use of a more highly 
alloyed steel. 

While the main objective of the paper is to place facts based 
on an extended experience before the reader, some views are expressed 
on the fundamental theory underlying the process of manufacturing 
steel of controlled grain size. It is suggested that inherent grain 
size is a function of the ultimate degree of deoxidation during 
steel manufacture. 


INTRODUCTION. 


THE subject of controlled inherent grain size has for many years 
been a common topic in technical literature emanating particularly 
from the United States of America. It has not, however, received 
the serious consideration which, in the authors’ opinion, it most 
certainly merits. The reason no doubt is that there are practically 
no published data of actual experience in Britain, and undoubtedly 
in some quarters the subject is still regarded with a strong element 
of scepticism. It is now some three years since carefully organised 
research was put in hand by the authors’ Company, and it is thought 
that the publication of a selection of the data obtained will be 
appreciated. 

Before doing so, it is only proper that full credit should be 
given to those workers in America who have done so much pioneer 
work in this field. It is hoped that in the data which follow, 


1 Received July 13, 1936. 
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something may be added to the already published results from the 
United States. Some consideration will be given to the theoretical 
side of the subject, but the authors wish in the present paper 
especially to stress the effect of controlled grain size on various 
properties of a selection of steels. This communication will not 
deal at all with the effect of controlled grain size on the higher 
carbon steels usually employed as tools. 


AN APPRECIATION OF EARLIER WorRK. 


In the light of present-day results, many experiences come to 
one’s mind linking up what is now expressed as grain-size control 
with the special characteristics of certain batches of steel. It is 
generally acknowledged, however, that McQuaid and Ehn ! first 
concentrated attention on the effect of aluminium additions when 
dealing with the properties of steel in their response to case-harden- 
ing, which may be regarded as the origin of this work. Ehn ? 
contributed a paper to the Iron and Steel Institute in England in 
May, 1922, but the potential value of these results was not fully 
realised—at least the reception was not enthusiastic. The reason, 
the authors venture to think, was that the particular defect dealt 
with, 7.e., abnormality in case-hardening, was not common in 
Britain. This at least was the authors’ experience, and they never 
met with a case of “ abnormality.”” This was probably a result of 
the pride that all steelmakers here took in producing good sound 
steel without recourse to “ doping ” with aluminium. The authors 
understand that, even before the publication of McQuaid and 
Ehn’s paper, certain steelmakers in the States were adding large 
amounts of aluminium to steel to improve the toughness, but prob- 
ably the first publication to deal specifically with this aspect of the 
subject, and to link the improved toughness with grain size, was 
one by T. W. Hardy,? then Chief Metallurgist of the Timken Roller 
Bearing Company. Since then a tremendous amount of work has 
been published, almost exclusively in the States. Considerations 
of space make it impossible to attempt to précis this, but fortunately 
it can readily be located. 

Epstein and Rawdon, on “ Steel for case-hardening—normal and 
abnormal steel,” and Bain® on “ Factors affecting the inherent 
hardenability of steel,” are of fundamental interest. 

In December, 1934, was published, by the American Society 
for Metals, a symposium of twelve papers with discussion, which 
is packed with interesting and valuable data. 

1 “The effect of quality of steel on case-carburising results.” T'rans- 
actions of the American Institute of Mining and ee Engineers, 1922, 
vol. 67, p. 341. 

** Influence of dissolved oxides on carburising and aiibisidhig qualities of 
si: ” Journal of the Iron and Steel Institute, 1922, No. I., p. 157. 
§ “ Grain size controls toughness.” Iron Age, 1928, vol. 122, p. 1557. 
4 Bureau of Standards Journal of Research, 1928, vol. 1, p. 423. 
ee of the American Society for Steel Treating, 1932, vol. 20, 
p- o. 
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There have been original papers since by Herty, March, 1935; 
McMullan, June, 1935; Sefing and Trigger, September, 1935; and 
Rowland and Upthegrove, March, 1936,—all in the Transactions 
of the American Society for Metals, and a masterly review by McQuaid, 
December, 1935 (Transactions), this being the Campbell Memorial 
Lecture. Reference will be made to some of this earlier work in 
presenting the authors’ own work, but, as before stated, the essential 
feature they wish to maintain is a clear statement of their own 
practical experiences, which they hope will give confidence to those 
who, perhaps not unnaturally, are still sceptical. 


CONTROLLED GRAIN SIZE DEFINED. 


One often hears the statement that “grain-size control has 
long been practised and understood.” In one sense this is true— 
that is, so far as it relates to the influence of ingot size, casting 
temperature, amount of reduction in section by hot-work and 
grain refinement by heat treatment. It would be foolish to detract 
from the fundamental importance of all this work, the results of 
which are regularly applied in a common-sense way, as indicated by 
experience. The term “ inherent grain size ”’ is, however, something 
fundamentally different. The term is somewhat cumbersome, but 
is indicative of the principle involved. 

Taking a simple example, a medium-carbon steel, having a 
structure consisting of ferrite and pearlite, has a certain grain size 
visible under the microscope in the cold. When heated beyond 
the Ac; point, the grain size increases, and the amount by which 
this grain size increases depends upon the temperature, the time 
and the rate of heating. The inherent nature of a controlled- 
grain-size steel is that the size of grain under a given set of conditions 
can be forecast and assured. Fine-grained steel increases its grain 
size on heating, but the temperature at which the grain size becomes 
relatively coarse is definitely higher than that at which a coarse- 
grained steel develops a similar grain size. This will be referred 
to in more detail later. 

It is clearly essential that some standard conditions should 
be laid down to enable a comparison to be made of the inherent 
grain size of various steels. A variety of conditions might be used, 
but for simplicity the authors will state the one generally accepted 
and the one which they use, which is based essentially on the work 
of the original American investigators, and issued as the American 
Society for Testing Materials Standard #.19.33 : 


A specimen is selected of a suitable size to obtain a con- 
venient microsection when parted into two. 

All scale is removed from the specimen either by filing 
or grinding. 

The sample is packed in a box containing good carburising 
compound (the authors use “ Hardenite’’). It is important 
that the box should be adequately sealed, as otherwise carbur- 
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ising gases will escape and prevent the formation of a hyper- 
eutectoid zone. The box and contents are heated in 2 hr. 
and soaked for 6 hr. at 927° C. (1700° F.), and then allowed to 
cool slowly down to 400°C. or less before emptying. The 
temperature should be regular within + 5°C. A section is 
cut from the sample, polished on the cut face and etched with 
boiling alkaline sodium picrate solution. The carburised case 
has then a clearly defined grain size, which is examined on a 
projection microscope at a magnification of 100 diameters. 
Comparison of the projected field with those given on the 
standard chart, see Plate LVII., which shows typical fields for 
each grain size, enables the inherent grain size to be assessed.! 


The grain size is reported as a number, which, in fact, represents 
the number of grains per square inch at a magnification of 100 
diameters. The following tabulation illustrates the basis of the 
eight standard grain sizes normally worked to : 


Grain Size. Number of Grains per sq. in. x 100, n. 
Index NV. Mean. Maximum, Minimum. 
1 1 1-5 Rea 
2 2 3 1-5 
3 4 6 3 
4 8 12 6 
5 16 24 12 
6 32 48 24 
7 64 96 48 
8 128 : 96 


As the basis of this table is n = 2*~1, the index for larger or 
smaller grains may be calculated. 

While the above sets out specific instructions, the effect of 
variation therefrom has been examined : 


(a) Effect of Time at Carburising Temperature. 


Grain Size. 
Quality of Steel: 0-40% C. 0-40% 0. Ni-Cr. O.H. Ni-Cr. O.H. 
Coarse Grain, Fine Grain. Coarse Grain, Fine Grain, 
Standard, 7.e., 6 hr. : ‘ ]-2 7 3-4 ‘| 
Double time, 7.e., 12 hr. ‘ 1-2 7-8 3-4 7-8 
Standard followed by double 
time, giving total of 18 hr., 
with intermediate cooling . 2-3 8 4 8 


(b) Effect of Temperature to which cooled. 
Standard, 7.e., furnace-cooled 


to 400° C. or less ; ; 1-2 7 3-4 7 
Furnace-cooled to 680° C, 1-3 7-8 4 7-8 
(c) Effect of Carburising Temperature. 
950° C. ; : ; : 1-2 7 3-4 7 
Standard, 927°C. . : : 1-2 7 3%4 7 
2 7 4-5 7 


900° C. : : ; 3 1- 
1 The authors desire to tender their sincere thanks to the American Society 

for Testing Materials for permission, readily granted, for this plate to be re- 

produced, and for their kind assistance in supplying electros of the blocks. 
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It will be seen that there is considerable latitude as regards 
time at carburising temperature, temperature to which the speci- 
mens are cooled before withdrawal from the furnace and carburising 
temperature, within which there is no significant difference in the 
resulting grain-size value. It is, however, desirable to maintain 
standard conditions as far as possible. 

Thus, there is established an arbitrary method of determining 
the size of the austenitic grain developed at a specified temperature. 
How this is affected at other temperatures will be dealt with later. 
It is the immediate purpose to demonstrate, first, that the grain 
size thus defined is controllable, and, secondly, that important 
physical characteristics of the resulting steel can be related to this 
grain size. Fortunately, it can readily be demonstrated that grain 
size is responsible for the differences that will be explained, in that 
it is possible to produce steels of different grain size from one and 
the same cast if desired for demonstration purposes. 


THE CHARACTERISTICS OF FINE-GRAIN STEEL. 


It will be possible to give only a small selection from the data 
which the authors have accumulated, but there will be sufficient, 
it is hoped, to demonstrate clearly that certain fundamental proper- 
ties attach to fine grained steels. Speaking in general terms for a 
moment, everyone must have experienced cases where two steels 
of similar composition (as normally reported), having been similarly 
heat-treated, have produced disconcertingly different physical tests. 
Again, there is the age-old controversy concerning the inherent 
properties of certain types of steel or certain casts of the same type 
of steel possessing different “personalities.” ‘The general phrase in 
England is to speak of “ body.” If one enquires carefully into the 
experiences that have led to the statement that one piece of steel 
has more body than another, it is not unusual to be told that the steel 
with body is more “ foolproof ” in heat treatment, and not so liable 
to deterioration by ageing, &c., &c. It would be foolish to claim 
that fine grained steel is the simple answer to the production of 
steel having more body. The fact does remain, however, that, 
judging by the standards so often employed in comparing steels 
from this point of view, fine grained steel undoubtedly possesses 
some of these characteristics to a far greater degree than coarse 
grained steel. In the authors’ practice, it is now a matter of routine 
procedure always to determine the grain size as one of the funda- 
mental factors affecting quality. 


General Mechanical Properties. 


In carrying out this investigation into the characteristics of 
inherently coarse and inherently fine grained steels, it was decided 
(as ruling out most variables), to prepare, from a number of casts, 
ingots of coarse and also of fine grained steel from the same cast. 
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It was also believed that any variation produced by modification 
of inherent grain size would be more likely to be felt in the carbon 
steels and steels of low alloy content than in those containing 
greater quantities of alloying elements. The analyses of all the 
steels referred to below are collected together in Table I. The 
results obtained on such steels were of intense interest, and the 
same procedure was thereafter applied to a study of the more 
highly alloyed steels. The results of tensile and impact tests on 
a selected series of steels, are set out in Tables II. to VII. 


Taste I1.—Carbon Steels. 





Steel A. C©,0-39%. Mn,0-79%. Si,0-140%. $,0-019%. P,0-038%. 








| | | | 
| | Max. | Yield 


Elonga- |Reduc- 





| } —— Stress.| Point. |,. : - 
| i ’ Grain | ‘py | tion on | tion of | Izod Impact Figures. 
sah | Teentanent. | Size. poy png 2in. | Area. | Ft. lb. | 
| | i bs | 0 ° | 
| | aq.in.jsq.in.} °° , % | 
| | | | | Average 
| 1} in. dia. | O.Q.850°,T.650°C.| 2-3 45-7 30-9 | 27:0 | 65-2 | 21 29 15 21-7 
| ” ” hoe 45-4 | 34:8 | 285 | 636 | 70 81 88 797 
| W.Q. 850°, T.500°C.| 2-3 60-9 | 45-8 16-5 52-4 | 33 34 32 33-0 
ek 2 | 7 | 59-2 | 43-5 | 20-5 54-8 54 60 60 58-0 
| 3}x 1}in. | 0.Q. 850°, T.650°C.| 2-3 | 46-2 31-7 | 28-0 63-6 | 39 42 45 42-0 
” ” rie 45-0 | 30-4 29-5 | 626 | 74 72 96 80-7 
W.Q. 850°, T.500°C.| 2-3 53-9 39:0 | 20-0 49-6 30 30 26 28-7 
| 7 52-6 37-4 | 22°5 52-4 60 55 69 61:3 
' 


” ” 





Steel B. ©,0:50%. Mn, 1-:02%. Si, 0-180%. $,0-027%. P,0-022%. 





| | | 
Max. | Yield |ponoa-|Reduc- | 
Stress.} Point. |... >" |, | 





| Size. Treatment. | — | Tons | Tons ey — ined — a — 
| nares per | per | er te } 
| | 8q. in. | sq. in. | i = | 
| | Average} 
| 1} in. dia. | 0.Q. 840°, T. 600° C. 3 56-5 | 39-2 548 | 24 19 22 21-7 | 
| “5 i 7 53-4 | 37-7 57-2 57 56 51 54-7 | 
» 1.625°C.; 3 | 55-0 | 37-4 | 548 | 165 11 25 17-0 | 
ie — . 516 | 35-0 | 592 | 56 48 42 48-7 
»  1T.650°C.| 3 53-1 37-0 59-2 4 #13 13 16-7 
| - i | 7 50-0 35-1 | 61-6 66 86 76 76-0 
» ees, 3 50-8 | 36-0 | 59-2 | 19 22 29 23-3 
5 a | 7 476 | 34-6 | 63-6 | 72 64 78 71:3 
|3x1hin. | O.Q.840°,T.620°C.} 3 53-5 | 34-2 | 49-6 | 11 25 5 17-0 
a Laz 52-0 | 34:8 | 49-6 | 30 42 40 37:3 
| | 0.Q. 840°, T.650°C.| 3 52-7 34:8 | 52-4 | 19 22 19 20-0 
cae “f | 7 | 512 | 34-4 | 52-4 | 37 43 43 41-0 








In general, it is found that the effect of fine grain, as against 
coarse grain, is to reduce slightly the maximum stress and yield 
stress, to increase slightly the ductility as shown by the elongation 
and reduction of area, and to increase very considerably the tough- 
ness as shown by the Izod test. 

It is well, perhaps, at this stage to point out that all the steels 
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dealt with in this paper were produced in the open-hearth furnace, 

but the authors have proved to their satisfaction that the same 

principles apply to other methods of steel production. 

To refer briefly to some of the results set out in the above- 
mentioned tables, it is a well-known fact that in the case of, say, 
0-40%, carbon steels, with or without the addition of small quantities 
of nickel, occasional casts are produced which, for no reason explain- 
able by either composition or furnace history, will give compara- 
tively low impact values. It will be seen from the figures herewith 
that the conversion of a relatively coarse to a fine grained steel 


Taste III.—}% Nickel Steels. 


Steel C. C,0°35%. Mn, 0-75%. Si, 0-225%. S, 0-043%. 
Cr, 0-06%. 


P, 0-038%. Ni, 0°57%. 


| | Max. | Yield 
| | ‘Tous | Point. 
| 


|Elonga-| ory 








ae. eis ‘ Grain | “ry T | tion on | tion of | Izod Impact Vigures. 
Size. Treatment. Size, | Tons Tons 2in, | Area. | Ft. Ib. 
per | per | “o'* | “9 
| sq. in. | sq. in oe sd 
} 
| Average 
2} in. sq. | 0.Q. 850°, T.625°C.} 2 | | 27:0 | 616 | 46 60 74 60-0 
nm | 7 ' |} 30-0 | 61-6 | 116 112 87 105-0 
es T.660°C.| 2 | | 265 | 636 | 79 98 69 82-0 
9 » | ae | 30-0 | 68-0 | 108 113 118 113-0 
| T.676°C.| 2 | | 285 | 66-0 56 50) «688-0 
3 - pO 31-0 | 66-0 | 119 116 111 115-3 
| 
3in.sq. | 0.Q. 850°, T. 625° C. 2 | 26-0 | 57-2 36 82 45 54:3 
» % ‘ees 29:0 | 616 1101 97 80 92-7 
-/. 6h0°O; . 3 26-5 | 63-6 | 59 69 45 57:7 
- “ | 31-0 66-0 | 82 80 108 90-0 
Pe T.'675° C. | 2 28-5 66-0 | 45 58 38 = =—47-0 
” fear 41: ‘1 | 340 | 68:0 | 116 118 96 110-0 





Steel D. C,0-41%. Mn, 0-63%. Si, 0-250%. $, 0-030%. P,0:036%. Ni, 0-51%. 
Cr, 0-04%. 

















Grain a Point Elonga-|Reduc- | 
" © Se ‘Trane | Tone | onon| tion of | Izod Impact ligures. 
Size. Treatment. Size. Tons Tons |'o; c : 
2in. | Area. Ft. lb. 
per per | o ° 

sq. in. | sq. in. 7° iii 

| | | 
1} in. dia. | Norm. 850° C, 3 42-2 | 26 30 25 
~ a 6-7 42-5 36 36 41 
0.Q. 850°, T. 600° C, 3 50-1 41 48 a9 
a i 6-7 48-0 81 80 82 
T. 625° C. 3 48-0 44 51 35 
Pn 6-7 45°5 100 98 91 
T. 650°C, 3 47-7 |} 53 54 69 
pr 6-7 | 45-2 95 91 91 
3 in. sq. Norm, 850° C. 3 21 419 21 
” ” | 6-7 | 31 31 35 
0,Q. 850°,T.600°C,| 3 26 16 49 
nA - 6-7 59 9 62 
©,e26°C.] s 20 21 15 
oe fe 6-7 / 63 58 49 
“ T. 650° ¢ 3 i 49 24 l4 
us ms 6-7 | 62 83 42 


mace, 
- same 


ubove- 
f, say, 
ntities 
‘plain- 
npara- 
rewith 
| steel 


"igures. 


Average 
60-0 
105-0 
82-0 
113-0 


58-0 


110-0 


‘igures. 


Average 





No. 1 
Up to 14 grains per sq. in. 











No. 2 
12 to 3 grains per sq. in. 





grains per sq. in. 


3 to 6 


"be 
~ 
Di 





No. 4 No. 5 
2 grains per sq. in. 12 to 24 grains per sq. 


ae 


i 


ay 


—— ab 
in Size Chart for Classification of Steels (S.A.E. and Allied Structural Steel 
F. (927° C.) for 8 hr. (x 100). Upper and lower photomicrographs refer to hyper- and hypo-eutectoid zones, t 
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ANDARDS. TENTATIVE STANDARD GRAIN SIZE CHART FOR CLASSIFICATI 
No. 7 
48 to 96 grains per sq. in. 
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PuatTeE LVII. 
LASSIFICATION OF STEELS. A.S.T.M. DESIGNATION: E 19-33 T. 
No. 8 
96 grains and more per sq. in. 
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PuaTE LVIII. 


Carburised at 1150° C. followed by carburising at 927° C. 
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EFFECT OF DIFFERENT REHEATING TEMPERATURES AND RATES OF COOLING ON FINE 


A: Carbon 0°39°% ; manganese 0°79°, ; silicon 0°14% ; sulphur 0°019°% ; phosphorus ( 


Normalised 860° C., reheated 1075° C. for L hr., A.C. Normalised 860° C., reheated 9 








LING ON FINE AND COARSE GRAINED STEELS. 


; phosphorus 0:038%. Magnification: x 100. 


1 860° C., reheated 927° € for 1 hr., furnace-cooled. Normalised 860° C., x 
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results, for a standard heat treatment, in such an improvement 
of the impact value as definitely to ensure that adequate toughness 
is consistently obtained. This has been confirmed by the routine 
production of fine grained steels of these types in considerable 
tonnage. With increasing alloy content, and particularly when 
treating, say, 1j-in. round bar, the same necessity for control of 
grain size does not exist, although it will be seen from the figures 
given that even in such steels a decided improvement in the mechan- 
ical tests may be obtained. 


Hardness Penetration or Mass Effect. 

It has been stated that the beneficial effects of inherent fine 
grain are offset by the lack of hardness penetration by quenching. 
The authors are fully appreciative of the work of Shepherd, Bain, 
Herty, and others bearing on this question, with particular reference 
to tool steel, but it is proposed to limit this paper to a consideration 
of carbon and alloy structural steels. So far as these are concerned, 
it will be seen from Tables II. to VII. that, in general, fine grained 
steel gives a lower tensile strength, to the extent of 2 or 3 tons per 
sq. in., than coarse grained steel of the same composition, but so 
far as depth of penetration is concerned the two stecls behave 
similarly when judged by diamond hardness determinations. ‘Two 
examples of the results of such tests are set out below : 


Steel D. 


Oo, %. Mn. %. Si. %. Ss. %. P. %. Ni. %,. Cr. 
0-41 0°63 0-25 0-030 0-036 0-51 0-04 


A 4-in. length from a 3-in. square billet from this cast of steel, in both 
the coarse and the fine grained condition, was oil-quenched from 850° C., 
and a cross-sectional disc was cut from the middle of the length. On this, 
diamond hardness values were determined from the outside to the centre, 
with the following results : 


Coarse (Grade 3-4) 


*. in. from 
outside. Centre. 
266 260 253 251 236 229 228 226 
Fine (Grade 6-7) 
g» in. from 
outside. Cr 
245 238 231 225 221 220 218 221 
Steel L. 
0. % Mn. %. Si. % 8. % P %. Ni. %. Gn %. 
0-40 0-55 0-192 0-031 0-033 1-47 1-00 


In this case, a 3-in. length of 24-in. square billet was treated by 
quenching in oil from 850° C. and tempering at 500°C. A similar slice 
was examined as before, and the following diamond hardness values were 
obtained : 


1936—ii HH 





466 P SWINDEN AND BOLSOVER. 


Coarse (Grade 3) 


Outside Centre. 
373 375 370 364 366 3 343 343 


a> 
a 


Fine (Grade 7) 
Outside Centre. 
351 344 337 336 331 333 333 308 


These figures confirm the lower general hardness of fine grained 
steels and also that the fall in hardness from outside to centre 
is of a similar order for both coarse and fine grained steel. In 
addition, the tabulation of tensile and impact values for the different 
steels shows that better impact values are obtained on fine grain 
steels from large sections than are obtained under similar circum- 
stances on steels of coarse grain size. 

To sum up, apart from the slight general lowering of hardness 
for a given composition and treatment of the steel, there is no 
reduced hardness penetration in fine grained steels and, when 
judged by impact test results, there is less evidence of mass 
effect. 


TaBLE IV.—Manganese and Manganese-Molybdenum Steels. 





5%. S,0-032%. P,0-028%. Ni, 0-16%. 


Steel E. ©,0-31%. Mn, 126%. Si, 0-23 
, 0-065%. 












































Cr, 
rain | Stress. | Point, /Elonga-| Reduc- : 
Size. Treatment. py Tons | Tons a x yd f| Izod ee? ae 
Size. per per 2 in, | Area. . Ib, 
sq. in. | sq. in. fee aad 

Average 

§ in. dia. | 0.Q. 840°, T. 550° C. 1 56-2 48-2 56-7 65 65 65 650 

e cs 7 48-4 38-0 61-6 78 80 85 81-0 
» mers. 1 51-4 42-0 59-2 59 69 74 67:3 | 

“a a 7 47-0 38-2 66-0 84 86 82 840 

»  1T.650°O. 1 48-3 39-2 63-6 71 75 76 74:0 

4. = 7 44-4 34-6 66-0 93 100 84 92-3 

1} in. dia. | O.Q. 840°, T. 550° C. 1 47-2 35-2 26-0 61-6 69 65 59 64:3 
ss - 7 45-6 34-6 29-0 61-6 76 78 &6 80-0 | 

»». . 600°C. 1 46-4 | 34-4 26-0 66-0 77 «#81 #97 #183 

* a 7 45-2 33-6 31:0 66-0 91 95 88 91:3 

» T.650°C. 1 45-0 34-4 27-0 66-0 88 2 66 787 

5 ss 7 44-1 31:8 31-5 68-0 | 105 100 100 101-7 
2} in. sq. | Norm. 840°, T.600°C. 1 40-5 | 26-0 30-0 63-6 82 81 386 3830 | 
* ss 7 40-6 | 28-2 33-0 | 63-6 89 88 89 88-7 | 
0.Q. 840°, T. 600°C. 1 44-2 29-3 29-0 68-0 24 49 65 42-7 | 
” * 7 42-2 29-0 31-5 | 68-0 99 104 99 100-7 | 
»  T.650°C. 1 42°3 29-1 29°5 68-0 88 036 36 36-7 
ef . 7 41-4 30-6 32-0 | 68-0 | 104 103 114 107-0 | 

}4in.sq. | O.Q. 840°, T.600°O.| 1 Centre| 42-0 | 28-1 | 27-5 | 59-2 32 80 30 30-7 
| Outside | 44-4 29-6 | 29-0 61-6 31 29 386 32-0 | 
| as om 7 Centre| 40-0 | 28-0 30-5 63-6 | 102 99 106 102-3 | 
Outside} 40-9 28-1 30-0 63-6 86 85 95 88-7 | 
| 

















Steel ¥. (,0-33%. Mn, 1-40%. Si, 0-21 














TaBLeE IV.—(continued.) 

















5° 


6. S, 0-033%. 


| Yield. 

















P, 0-:036%. Mo, 0-21%. 





















































j | 
Max. , | > | 
: : Elonga-|Reduc- | 
” zs Grain Stress. | Point. | tion os tion of Izod Impact Figures 
Size. Treatment. 8 Tons | Tons |",; | Seal ¥% iene 
Size. if ® 2in. | Area. | Ft. Ib. 
per per 0 i 
8q. in. | sq. in. | 
| Average 
1} in. dia. | 0.Q.840°, 'T. 550° C. 3 42 42 42 
99 ” 7 61 56 
« T. 600° C. 3 | 54 54 
wa + | 7 78 76 
” T. 650° C. 3 | 68 61 
ss 7 | 45. 85 90 § 
W.Q. 840°, T. 550°C. 3 71-( 63-9 | 45 56 949-3 
” - 7 68-2 64-0 46 44 45-0 
a T. 600°C. 3 5 42 47 “7 
- s 7 8-2 65 56 7 
Pe T. 650°C. 54-2 64 71 7 
a — 7 51-4 78 #7 4% 7 
| 
2h in. sq. 3 | 27 20 18 21-7 
7 87 74 7 77-0 
3 71 7 68 70-0 
7 89 88 79 «85-3 
3 79 S4 80 81- | 
7 90 107 97 98 
3 50 50 55 5 | 
7 64-0 57 53 56 5 
3 ° 56 58 59 5 
id 7 69 66 80 7 
” °C. 3 | 71 78 65 7 
: - 7 103 94 95 9 
| | 
6$ in. sq. | 0.Q. 840°, T. 550° C, | 3 Centre | 10 14 14 | 
Midway 23 20 19 
| Outside 4 3526 | 
$ .. 7 Centre | 38 39 | 
Midway 70 67 | 
Outside 65 68 | 
” pt 3 Centre 27 20 | 
Midway 46 30 
Outside 75 70 | 
9 7 Centre 61 66 
Midway 69 70 
Outside 72 74 75 
! | 
Steel G. C,0 Mn, 1:36%. Si, 0-275%. S, 0-032%. P,0-038%. Mo, 0-23%,. | 
at ee ee Gas (ets a ei 
¢ ie] | | 
; “an :. wg Elonga- Reduc- ° OC 
a ' oe Grain Sian |. or tion on | tion of | Izod Impact Figures. | 
Size. lreatment, Shen Cons Tons |": 5 3 
Size. 2 in. Area. I't. Ib. 
per per 0 0 
Sq. In. | 8q. In. = - 
Average 
Ih in. dia. O.Q. 840°, T. 650° ( 3 53-8 47-2 24-5 80 i8 Ly ae 
7 53-0 16-0 25-0 94 99 §=88 E 
2 in. sq. 0.Q. 840°, T. 650°C, 3 45-9 | § 65 73 70-0 
” 7 41-6 | 24-5 96 93 90 93-0 
2} in. sq 0.Q. 840°, T. 650°C, 3 | 44-0 31 31 39 3 
; ; 7 | 42-8 87 94 74 85 
| | 
3 in. sq O.Q. 840 650° C, 3 | 45-9 24 22 30 86253 
ns 7 40-1 90 +100 93 } 
| | 
{ in. sq 0.Q. 840°, T. 650° C. | 3 Centre 50-2 40-4 18-5 26 28 21 250 | 
Outside} 52-0 15 13 16 14-7 
’ ” 7 Centre 48-7 80 84 85 «83-0 | 
Outside} 48-2 76 «=68))—82 9-7 | 
t | | 
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TaBLE V.—3% Nickel Oil-Hardening Steel. 


Steel 1. 


Size. 


1} in. dia. | Norm. 830° C. 
} 


| 0.Q. 830°, T. 500°C. 
| 


24 in. sq. 


34 in. sq. 


TasLeE VI.—Nickel-Chromium Oil-Hardening 


C, 00-42%. Mn, 0-74%. 


0.Q. 839°, T. 600° C. 


Si, 0-223%. P, 0-:034%. 
Cr, 0-09%. 


-_ — 


8, 0-031%. 











Max. | Yield ae pee ae 

Te | Stress.| Point. | (0089) 1°" oe 

Treatment. ‘Su. =| Tons | Tons Jr eetdad Poser agg 

Size. | a tl | 2in. | Area. | 

per | per | o ey: | 

Sq. in. | 8q. in. i Mice 
3 |} 39-1 20-0 20 
7 |} $46 | 21-5 | $1 
3 67-3 | 15-5 26 
- 7 | 724 | 676 | 17-0 | 39 
T. 550° C. | 3 | 68-0 60-4 | 18:0 | 38 
” | 7 4 5 50 
T. 600°C. | 3 5 57 
| 7 56 
T. 650° C. | 3 60 
és ae 81 
»T. 550° C. | 3 | 55 
” 7 | 61 
T. 600°C. 3 66 
» 7 | | 76 
T. 650° C. 3 | 75 
* | 7 | 93 

| | | 
3 Centre | 52-4 61 46 
Outside 57-2 49 16 
7 Centre 57-2 67 73 
Outside 59-2 71 73 











| 


Steel J. C,0°38%. Mn, 0-65%. Si, 0-215%. S,0-031%. P,0-030%. Ni, 1-1 
Cr, 0-64%. 
Es rcoma Rar EKlonga-| Reduc- 
” Tanet Grain | ‘Wy | m.,. | tion on} tion of | Izod Impac 
Size | Treatment. Tons Tons | : ; 
' Size. | | 2 in. Area, Ft. 
per per | “4%. | %. | 
| | sq.in. | sq. in. D = 5 
woe aismendieasian ‘ iit : 
1} in. dia. | O.Q. 830°, T. 500° C. 2 | | 63-4 il $1 
¥ ” } 7 | 63-0 | 15 48 
| % T. 550°C. 2 | | 59-6 | | 52 53 
M ae 57-62 
| T.600°C. | 2 | | 68 66 
| - . | 7 | | | 64 69 
a T. 650° C. | 2 | | | 74 76 
” ” 4 82 79 
| 
13 in. dia. | W.Q. 830°, T. 550°C. 2 67-6 6 | 16 46 
| ” *” | 7 62-6 55-2 | 59 «62 
| 
2h in. sq. | 0.Q. 830°, T. 550° ¢ 2 57-3 | 46-8 | 25 23 
> i. | 7 53-4 42-4 75 «75 
| a T. 600°C, 2 53-7 3-5 | 39 = 339 
| 99 ° 7 49-6 38-2 | 84 84 
eee 50° ©. | 2 52-6 | 40-8 | 80 81 
i . ee 48-6 | 38-0 89 90 
| 33 in. sq. | 0.0. 880°, T.<6 0°C.|2Centre | 51:5 | 40-4 | | 572 | 45 35 
| Outside} 52-6 40-9 | | 58-6 36 43 
» » |7Centre | 51-4 | 35-8 | 26-5 | 58-6 | 75 74 
| | Outside} 50-9 36-8 26-0 61-0 73° «74 
| | 


























Steels. 


Ni, 3-04%. 


)o 


t 


38 
16 
50 
65 
61 
65 
85 
85 


b. 





Izod Impact Figures. 
FP 





igures. 


Average 


40-0 
46-3 
51-7 
61°3 
65-0 
66-0 
78:3 
82-0 


45-3 
58-7 
23-7 
74-7 
39-0 
81-0 
81-3 
91-7 
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es ts <3 














Taste VI.—(continued.) 











































































Steel K. C,0-40%. Mn, 0-55%. Si,0-190%. S,0-031%. P,0-033%. Ni, 1-47% 
—_ euctiinlalan — po —- 
| * |Elonga-| Reduc 
x: ™ Grai ‘ i ) 200 P "res 
Size Prestiant: train tion on | tion of Izod f Figu 
Size. 2 in. Area. Ft. 1 
| sq. in ‘ 28 
Aver 
| 1} in. dia. | 0.Q. 830°, T. 550° C. 3-4 67-8 16-0 ) J 18 18:7 
| 9 ” 7 19-0 9 39 40 3 
| ie T. 600°C. 3-4 61-6 19-0 0 0 50 
| a ae ¥ | 63-6 57-4 19-¢ 59-2 54 55 57 
H | n T. 650° C. 3-4 59-1 51:8 22+5 61-6 57 61 60 
| ” ” 7 57-4 50-2 61-6 38 70 69 
| 
124 in. sq. | 0.Q.830°,T.600°C.| 3-4 616 | 37 40 45 40-7 
| | 9 a | 61-6 66 66 69 
| < T. 650° C. | 63-6 69 68 66 
” ” 7 66-0 79 «7 81 
{ 
| SteelL, C,0-41%. Mn, 0-54%. Si, 0-210%. 8S, 0-033° P, 0-030%. Ni, 1-5 
Cr, 1-20%. 
| Max. | Yield |,, 
eee | Stress. | Point. —o a , 
Hy . alr 7 n¢ 10) [ od impact I iY 
Size. Treatment. ag Tes | Toa |S | wae ag 
Size. 2in. | Area. Pe. It 
| per per | ‘o | 0 
| sq. in. | sq. in. | o- | o- 
ae RS RO Tides * - 
Be 7 ie } \ 
| 1} in. dia. | 0.Q. 830°, T. 550° ¢ 4 |} 74:0 | 69-6 18 8 lf 
} ” 99 7-8 | 72-0 67-7 36 37 3 
| . T. 600° C, 4 |} 69-8 63-4 11 42 41-7 
| ” ” | 7-8 | 67:0 | 60-6 49 51 50-3 
| ef, T. 650°C. | 63-1 | 52 «50 OB] 51-0 
| ” ” | 62-2 | 55-6 | 60 60 60 60-0 
| | 
| 24 in. sq. O.Q. 830°, T. 600°C. | 4 | 67-2 | 61-0 50 10 42 
| ” ” 7-8 64:8 57-0 65 59 
| + <aeeU, H 58-6 | 50-0 74 (75 
| ” * 7-8 | 58-5 50-0 74 74 
( 4 | 67-6 | 61-4 51-8 28 5 ) 
7-8 | 58-6 50-3 Ol: 70 65 68 fi 7 
i O. 4 65-0 57-0 2 61-6 59 #58 58 7-7 
| ” ” 7-8 60-6 52-8 21-0 57-2 69 70 65 68-0 
| Steel M. C,0°34%. Mn, 0-60%. Si, 0-230%. S,0-038%. P Ni, ‘ 
Cr, 062%. 
Max. | Yiel 
hic de Elonga-| Reduc- 
Grain Stress.) Point. tion ¢ tion of | Izod I1 Figt 
. ail iTe . y Oo yn iZ npdact 4 es 
Size Treatment. rain | Tons | Tons ae - : h~ shies 
Size. | 2 in. Area, i I 
| per per Fi o 
| 8q. in. | sq. in. sa = 
£ } ° om” « ° | 
| 1} in. dia. 0.Q.830°,T.500°C.} 3-4 | 68-8 16-0 44-3 | 22 20 20 
| ” 7 64-6 19-5 57-2 33. O38 38 
| ” 3-4 18-0 i4 51 if 
i | . 
| ” 7 2 51 49 
- 3-4 6 47 48 
ee 7 65 65 65 
9 3-4 62 62 62 
| ” ” 7 | 2495 74 82 $l 
| } 
2} in. sq. | 0.Q. 830°, T. 600° OC. 3-4 21-0 59-2 60 59 3 «B73 
” ” 7 | 23-5 j 78 76 «=««68 74-0 
* T. 650°C. 3-4 24°5 78 75 81 78-0 
” ” 7 | 27-5 90 88 94 90-7 
| | 
| 33 in. dia. | O.Q. 830°, T.600°C.| 3-4 | 62-2 | 57-0 | 20-0 
| * - 7 | 576 50-0 | 22-0 
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Taste VII.—Nickel-Chromium-Molybdenum Oil-Hardening Steel. 






































SteelN. C,0-32%. Mn, 0-54%. Si, 0-205%. 8, 0-030%. P,0-034%. Ni, 2-63%. 
Cr, 074%. Mo, 0:45%. 
Max. | viela | | | 
io Soka. |Elonga- Reduc- | ‘ 
Size. Treatment. — Tons | Tons kis gold awe “<n 
| per | per | ‘o | 0 | 
| sq. in. | sq. in. o> 4) vere 
| | | 
1} in. dia. | 0.Q. 830°, T.500°C.| 3-4 82-3 80-0 | 17-0 49-6 25 25 
am e ey 83-0 | 80-6 | 160 | 44-4 27 99 $ 
i. T.550°C.| 3-4 | 74-4 | 16-5 | 52-4 32 34 31: 
” ” Oe 79° 76-4 | 17-5 | 54-8 36 42 « 
»  1.600°C.| 3-4 74:6 70:0 | 19:0 | 61-6 41 41 41-7 
¥ . 7 70-5 67-7 | 22-0 | 61-6 54 56 4-0 
»  T.650°C.| 3-4 65:7 | 57-6 | 21-0 | 61-6 54. 54 543 
‘> Re 7 64-2 60-6 21:5 | 61-6 57 60 = 56-7 
2) in. sq. | 0.Q.830°,T.550°C.| 3-4 79-5 | 18:5 | 54:8 99 35 8K-7 
’ o 7 80-0 | 17-0 2-4 36 35 35-3 
” T.600°C.| 3-4 65:7 | 21: . : 5S 59 39-573 
” °9 7 64-7 y 58 61 61 60-0 
” T.650°C.| 3-4 58-0 | 60 60 58 59-3 
” os 7 | 57-6 65 65 62 64:0 
34 in. dia. | 0.Q. 830°, T,550°C.| 3-4 79-4 38 3360 40 38-6 
. *” 7 80-0 | 38 38 38 40-0 
» T.600°C.| 3-4 69-6 563 51 54 52-7 
> ‘* 7 71-8 68-4 53 65 56 54:7 
” T.650°C.| 3-4 65-0 58-0 | 65 65 65 65-0 
a se 7 64:8 57-7 | 66 67 69 67:3 
| 























Taste VIII.—Comparative Tendency to Temper-Brittleness. 





Mn, 0-55%. Si, 0-190%. $,0-031%. P, 0-033%. 
Cr, 1:00%. 
1} in. dia. O.Q. 830°, T. 600°C. 


Steel K. ©, 0-40%. 























1} in. dia. O.Q. 830°, T. 600° C. 


Cr, 0°62%. 














| 

Cooled Max. Yield | Elonga- | Reduc- 

from Grain Stress. Point. tion on | tion of 
Temper- Size. | Tons per} Tons per 2 in. Area. | 
ing in— sq. in. sq. in. %. %. 
Oil ‘ 2-4 65-2 60-4 20-0 57-2 16 
Furnace 2-4 61-6 55-3 20°5 57-2 10 
Oil . 7 60-8 55-2 22-5 59-2 65 
Furnace 7 59-2 53-0 23-0 59-2 18 











Cooled | Max. Yield | Elonga- | Reduc- Izod Impact Figures. 
from Grain Stress. Point. tion on tion of 
Temper- Size. | Tons per} Tons per 2 in. Area. Decrease 
ing in— | sq. in. 8q. in. %. | %. Ft. lb. Pars 
| 0° 
| | Average 
Oil 3-4 67-4 61-6 19-0 | 59-2 50 50 50 50-0 | aoe 
Furnace 3-4 | 65-8 60-6 19-5 548 | 8 10 12 10-0 80 
Oil 7 | 63-6 57-4 190 | 592 | 54 55 57 55:3 os 
Furnace 7 | 63-9 57-2 21-0 572 | 20 20 19 19-7 64 
| | | 
SteelM. C,0:34%. Mn, 0-60%. Si, 0-230%. S,0-033%. P,0-031%. Ni, 3-18%. 


Izod Impact Figures. 








Ft.lb, © | Decrease. 
/o* 
Average} 
47 48 47-0 bie 
10 il 10-3 78 
65 65 65-0 nae 
20 21 19-7 70 
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The effect of fine grain in reducing the hardness and tensile 
strength can of course be readily allowed for and corrected by a 
slight adjustment of the hardening elements (carbon and manganese, 
for example) or, in some cases, of the heat treatment. 


Temper-Brittleness. 


Examination was made on a series of casts as to the effect of 
coarse and fine inherent grain size on the impact value produced 
by cooling respectively in oil and in the furnace from the tempering 4 
heat. The results of these tests are given in Table VIII., from 
which it will be seen that, whilst reduced impact values are still 
obtained on steels normally subject to temper-brittleness, the 
percentage reduction in impact value is lower than on comparable 
coarse grained steels. Further, in view of the higher impact values 
on the fine grained oil-quenched samples, the specimens slowly 


TABLE 1X.—Comparative Brittleness due to Low-Temperature 
4} : 4 4 
Tempering. 





























Steel M. ©,0-34%. Mn, 0-60%. Si, 0-230%. 8, 0-033%. P,0-031%. Ni, 318%. 
Or, 062%. 
1} in. dia. O.Q. 830°C. ; 
| : 
Temper- | Max. | Yield | Elonga- | Reduc- Izod Impact Figures | j 
ing Grain | Stress. | Point. | tion on | tion of ae le ] 
Temp. Size. Tons per} Tonsper| 2 in. Area, ; 
°C, | aq. in. | eq.in. | %. °, Ft. Ib. on 
6. 
| | | Average 
200 2-4 117-0 | 101-4 | 14:5 47-2 16 15 19 16-7 es 
9 | 7 117-4 102-3 14-5 44-4 18 20 21 19-7 ee 
300 | 2-4 1031 95:9 | 14:5 47-2 6 5 6 8&7 66 
99 | : 105-1 93-5 13-5 49-6 9 9 9 9-0 54 A 
400 2-4 85-1 80-4 15-0 49-6 12 9 10 10-3 3 j 
9 7 87-9 85-4 | 14-0 49-6 16 14 14 14:7 25 
450 | 2-4 77-2 | 744 | 16-0 52-4 20 20 21 20-3 ave 
x 7 776 | 75-0 | 155 496 | 25 25 26 253 
| | 
SteelN. ©, 032%. Mn, 0-54%. Si, 0-205%. 8, 0-030%. P,0-034%. Ni, 2.63% 





Cr, 0-74%. Mo, 0-45%. 
1} in. dia. O.Q. 830°C 
es BS en en a os eee ed peagseenen ee | Sas aoe 
| Temper- | Max. Yield Elonga- | Reduc- Isod Impact Figur 
ing | Grain Stress. Point. tion on | tion of | —— a Stee 
Hf emp. Size. Tons per | Tons per 2 in. Area. Ft. Ib Decrease 
=0. | | 8q. in. 8q. in. % % mare of. = 
Average 
200 3-4 117-0 107-8 14-7 49-6 26 28 28 27:3 ove 
7 116-7 100-7 16-7 46-8 31 29 24 =. 28-0 eve 
300 3-4 100-9 95-0 14-7 49-6 15 15 417 ~= 157 42-5 
” 7 103-9 100-3 14-0 49-6 20 20 20 20-0 29 
400 3-4 90-4 89-4 15:3 2 19 18 18 18-3 33 
* 7 92-7 91-5 14-0 “2 2 20°: 27 
450 3-4 87-2 81-6 | 16-0 . 2° 2 
» 7 | 87-2 84:3 | 16-7 “7 
{ 
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cooled after tempering give definitely improved results over those 
obtained on coarse grained steels. 


Brittleness due to Low-Temperature Tempering. 

It is generally recognised that many steels, particularly of the 
nickel-chromium type, suffer a loss in impact value when tempered 
within the temperature range 250-400°C., and this particular 
feature has been examined, with the same result as for temper- 
brittleness, namely, that the higher initial impact value and lower 
percentage decrease result in a definite increase in the impact 
value on the fine grained steels, as shown in Table IX. 


TaBLE X.—Comparative Strain-Age-Embrittlement. 


Steel P. ©,0-09%. Mn, 0-35%. Si, 0-08%. S,0-022%. P,0-012%. 


} | 
| | 


| Izod Impact Vigures. 























Grai mn 
Si ve rreatment. | 
Size. | Ft. Ib Decrease. 
| Average 
| 3 Norm, 920° C, | 95 95 92 94-0 | aol 
*” strained 15% 69 67 68 680 | 28 
| ” s heated 250°C. 3 hr. 13 22 14 16:3 83 
| 
| 8 Norm, 920°C, 92 97 98 956 ee 
be strained 15% 86 92 92 90-0 6 
| ” ” heated 250°C. $hr. | 82 86 88 85:3 12 | 
SteelR. C,0-16%. Mn, 062%. Si, 0-140%. 8, 0-024%. P,0-016%. Ni, 0-14%. 
= aikecaeaatas ec ee Eee 7 IE s 
Izod Impact Figures. 
Grain ‘ _—_ —_—__—_———— 
45, Treatinent. 
aes | Ft. Ib Decrease. 
| | Average| 
2 | Norm. 920°C. |} 86 88 87 87-0 aie 
| strained 15% | 66 67 68 67:0 | 23 
| ” » reheated 250°C. 4 hr. 31 24 30 283 | 68 
| 
7 Norm. 920°C, 90 89 92 91°3 
strained 15%, |} 77 78 76 77-0 14 
- reheated 250°C. 4 hr. 70 72067937 19 
Steel E. OC, 031%. Mn, 1:26%. Si, 0:235%. 8, 0-032%. P, 0-028%. 
Izod Impact Figures. 
seg Treatment, } 7 “ 
SISS. I “cre 3 
| It. Ib. Decrea 
| | , 
| Average| 
1 | Norm. 830°, 1 56 48 42 %8-7 Me 
x strained 15% | 27 27 24 26-0 47 
| a a reheated 250°C. }hr.! 14 14 12 = 133 73 
' | 
| | | 
7 | Norm. 830°C. 63 65 67 65-0 
. strained 15% 56 56 51 54-3 17 
” - reheated 250°C. jhr. | 49 49 47 483 26 
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Strain-Age-Embrittlement. 


The property of mild steel of developing embrittlement, as 
judged by the impact value, following the reheating of cold-worked 
steel to a temperature of 2 50° C. or a period of rest of some 3 or 4 
months at room temperature, was dealt with by one of the authors 
at the Spring Meeting of the Institute in 1929. The effect of 
inherent grain size on this phenomenon was examined. 

The results of these effects are set out in Table X., which includes, 
in addition to the mild steel, tests on a 0:30°% carbon, 1-25% 
manganese steel, to show that the effect is not restricted to mild 
steels. It will be seen that not only is the resistance to strain-age- 
embrittlement considerably increased in the fine grained steel, 
but that the loss of toughness, as judged by the impact test, produced 
by a given amount of cold-working is also reduced. 


(uench-Ageing of Mild Steel. 

The hardening effect produced in soft steel when quenched over 
a wide range of temperature, including temperatures below the 
Ac, point, followed by being allowed to stand for some 4 wecks is 
well known. Table XI. sets out the results of a series of tests 
comparing the effect of inherent grain size in this respect. 


TABLE XI.—C — Que nch- seitltedl 


Steel P. C, 0-099 Mn, 0°35%. Si,0-08%. S,0-022%. P, 0-012%. 


§ in. dia. Norm, 920°C 


o* 





Reduction | 











Yield Elonga- 
Grain Point. tion on A | Izod Impact Figures. 
| ain aa 7 of Area. | 
| Siz rons per 2 in. ° | Ft. Ib. 
| . j 
| sq. in of o* 
-— — dit hal : a 2 — 
| A verag 
3 25-8 18-6 42-5 70 1 yf I 93-0 
| 8 25-4 20-5 | 14-5 69 M ) 7 95-7 
anlage tacaincmpaesni a 
| § in. dia. Norm. 920°, W.Q. 650° C., and rested. 
| Max. Yield Elonga- Reduc- Biemanl 
° ’ . . é Oh 
| Resting | Grain | Stress. Point. tion on tion of He rd- | 140d Impact Figures 
| Period. Size. | Tons per} Tons per 2 in. Area. : sh | It. Ib. 
| sq. in. sq. in. 0 | n ° 
1 hr 3 . 
| 5 
| 1 day | 3 
| x | 
| 7 days 3 
8 
id | 3 7 
8 72 186 101 101 100 
28 3 66 193 | 70 66 65 
8 | 70 | 195 101 101 100 
3 
8 
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It will be seen from these data that the fine grained steel gives 
an increase in hardness very similar to that obtained from the 
coarse grained sample, but that the ductility figures are generally 
higher than those obtained on the coarse grained, and, whereas the 
drop in impact value on the coarse grained steel is of the order of 
50%, there is no appreciable fall in the impact obtained from the 
fine grained steel. 


Case-Hardening. 

The authors’ experience of the case-hardening steels has not 
been so extensive as that of the oil-hardening types, but quite 
a number of low-carbon casts have been examined. 

There is a tendency for the carbon penetration during case- 
carburising to be slightly less on fine than on coarse grained steels. 
For instance, as extreme cases, on carbon case-hardening steel a 
total depth of 1-6 mm. on coarse grained steel has been found, as 


Taste XII.—Carbon Case-Hardening Steels. 





Steel P. C,0-09%. Mn, 0-35%. Si, 0-08%. S,0-022%. P,0-012%. 
Norm. 920°, W.Q. 780° C. 











: | l 
| Max. Yield | Elonga-} Reduc- | 
- Grain | Stress. | Point. | 4009" | tion of | Izod Impact Figures. 
Size ar r 7 = : ° 
inal Size. Tons per|Tonsper}; 4VA. | Area. Ft. Ib. 
sq.in. | sq.in. | %. | % | 
| 1} in. dia. 3 31-2 | 19-4 37:0 | 71:6 | 107 102 106 105-0 
| 8 | 30-4 | 21-1 | 36-0 73-6 | 102 99 104 101-7 
| | | | | 
| | | | 
| ¢ in. dia. 3 | 346 | 25:0 | 32:0 | 680 | 99 100 100 99-7 | 
| 8 | 381-4 | 22-2 | 33:5 | 736 | 105 104 106 105-0 
| | 
| 4 in. dia. 3 37-7 | 252 | 320 | 642 | 88 74 80 80-7 
| 8 355 | 248 | 29-3 73-0 98 105 106 1035-0 


lj in. dia. Soaked at 920°C. for 4 hr., furnace-cooled. 








= eo — 
| Max. | Yield | Elonga-| Reduc- 
ee Oe Grain | Stress. | Point. | tion on | tion of | Izod Impact Figures. 
Treatment. Size. | Tons per|Tonsper| 2 in. | Area, | Ft. lb. 
| sq. in. | sq. in. % | % | 
| | | | | Average 
| W.Q. 900°, W.Q. 780° C. | 3 | 30-3 } 196 | 385 | 73-6 98 101 98 99-0 | 
| 8 |} 300 | 22:7 39-0 75-6 103 103 103 103-0 
| | | 
| W.Q. 990°C. | 3 | 329 23-6 35-5 | 73-6 | 106 109 109 108-0 
| 8 | 30°2 | 24-0 41-0 | 75-0 | 105 98 108 103-7 
| | | | 
| W.Q. 860° C. | 3 | 305 21-6 | 33-0 | 71:6 |100 97 102 99-7 
se | 29:8 | 194 | 340 | 75-6 | 99 99102 100-0 
| | } 
W.Q. 820°C. 3 | 30-1 19-5 | 35:0 70:0 | 88 100 84 90-7 
8 | 30-6 196 | 345 | 75-6 |102 101 107 103-3 
| | } 
| W.Q. 780° C. 3 |} 302 | 20-2 38-0 70-0 | 96 92 98 95-3 
8 | 30-6 20°3 | 35-0 | 73-6 | 98 94 97 96:3 | 
oo é 

















Steel R. C,0-16%. Mn, 0-62%. Si, 0-137%. $,0-024%. P,0-016%. Ni, 0-14%. 


Norm. 920°, W.Q. 780° C. 


Size. 


1 
Treatment. 


; W.Q. 
W.Q. 900° C, 
W.Q, 860°C, 


W.Q. 820° C. 


W.Q. 780° C, 


against 1-2 mm. on fine 
nickel case-hardening, a 
against 1-2 mm. on the 


900°, W.Q. 780° C,. 


CONTROLLED GRAIN 


SIZE IN STEEL. 


TaBLE XII.—(coniinued). 


Grain 
Size. 


Lin. dia. 


Grain 


mize. 


Max. 


Stress. 


Tons per | Tons per 


Sq. In. 





Yield 
Point. 


sq. in. 


Elonga- 


. Reduc 
tion On | tion of | Izod Impact Figures. 
AVA. Area. Ft. Ib. 

0° O° 

Averag 

31-0 63-6 51 55 58 54-7 

0 716 101 o8 99 99°5 
27-0 59-2 41 45, 15 13-7 
30-0 66-0 89 84 100 1-7 
19-5 35-0 10 15 17 14-0 
20-0 42-9 21 20 26 22°3 


Soaked at 920°C, for 4 hr., furnace-cooled. 


Max. 
Stress. 


Tons per | Tons per 


sq. in. 








Yield Elonga-| Reduce 
Point. tion on | tion of Izod Impact Figures. 
2 in. Area, Ft. Ib. 
sq. in. o % 
Average 

26°35 68-0 89 gn 95 88-0 
26-0 70-0 104 101 102 102-3 
24-8 70-0 91 99 93 91°3 
27-6 70-0 99 98 101 99-3 
30-8 26+ 66-0 Rt R8 R4 85-3 
26-0 27-0 71-6 99 99 105 101-0 
27-4 66-0 31 10 30 33-7 
24:2 73°6 97 91 80 89°35 
24-8 63-6 19 42 31 10-7 
21-1 66-0 100 99 101 100-0 





grained from the same cast, and on 3% 
penetration of 1-5 mm. on the coarse as 
fine grained from the same cast. 


Other 


instances could be quoted where the depth of penetration has been 
found to be the same in both types of steel, but it would appear 
that there is a tendency, as stated above, for the coarse grained 
material to have a slightly greater depth of penetration. 

As regards mechanical properties, the characteristics reported 
for oil-hardening steels seem to hold also for case-hardening steels, 
namely, that on a given cast or type of steel, if the impact properties 
tend to be on the low side in the coarse grained condition, these 
are definitely improved by the use of a fine grained steel and, further, 
that this effect is less marked with increasing alloy content of the 
steel in question. 

Some of the figures obtained by the authors in this connection 
are set out in Tables XII. and XIII. 
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Taste XIII.—Alloy Case-Hardening Steels. 





Steel. C©,0-15%. Mn, 0-52%. Si, 0-250%. $,0-030%. P,0-032%. Ni, 1-80%. 
Cr, 0°19%. Mo, 0-24%. 


Soaked at 920° C. for 4 hr., furnace-cooled. 





















































Max. Yield |, . 
| As Stress. | Point. Elonga- | Reduc- Izod Impact 
1 m mrain mm 1 tion on! tion of 7 
Size. Treatment. Size Tons 9 in ey ligures. 
ere a or ee I't. Ib. 
sq. in si 
Average 
§ in. dia. | O.Q. 860°, 0.Q. 780° C. 4 36-8 7-0 54:8 58 58 57 57-7 
» ” |} 7-8 | 34-6 28-0 54:8 | 62 61 62 61-7 
| | 
0.Q. 800°C. 4 55-8 43-0 21-0 24 24-7 
| 7-8 54-8 39°6 19-5 34 34:3 
lf in. dia.| 0.Q. 860°, O.Q. 780° C. 4 | 46-0 30-5 59-2 | 54 54 56 54-7 
| a a 7-8 16-8 29-5 59-2 67 68 67 67:3 
0.Q. 800° U. 4 48-8 36:1 24-0 | 52-4 21 { 
” 7-8 18-1 31:8 25°5 54-8 | 37 
' 
Steel T. C,0-13%. Mn, 0-48%. Si, 0-230%. S,0-030%. P,0-031%. Ni, 3-02%. 
| Cr, 0-08%. 
1} in. dia. Soaked at 920° C. for 4 hr., furnace-cooled. 
| Yield | Elonga-| Reduc- 
_ Stress. | Point. | tion on | tion of | Izod Impact Figures. 
-atme: om wn : 5 
| Treatment. Tonsper Tonsper, 2 in. Area. Ft. Ib. 
sq. in. | sq. in. Yo os 
Se $$} —________, ___ _ —_—~— | 
| W.Q. 860°, W.Q. 770° C. 1-3 44-4 | 61-6 82 86 8&9 
| ” ” 7 | 46-2 31-6 87 87 91 
| 0.Q. 860°, 0.Q. 770°C. 1-3 41-0 29-8 | 68-0 9 98 100 98-0 
a “S 7 41-0 28-0 | 70-0 102. 105 104 103-7 
0.Q. 820°C. 1-3 44-8 7-0 78 76 83 79-0 
> 7 15-1 30-0 | 82 81 80 81-0 
Steel U. C,0-11%. Mn, 0-34%. Si, 0-250%. S,0-036%. P,0-030%. Ni, 4-58%. 
Cr, 0-10%. 
| 1} in. dia. 
} | Max. | Yield | Elonga-| Reduc- 
| Trex Grain | Stress. | Point. | tion on | tion of | Izod Imnact Figures. 
Treatment, "3 m | 2 A ' 
| Size. |Tonsper)Tonsper| 2 in. Area, Ft, lb. 
| Sq.in. | sq. in. a %. 
| ekg ire | Aa & 
| W.Q. 760° C. { | 44-2 27-5 | 58 58 56 
| a 8 39-2 27-5 65 66 58 
| W.Q. 780°C. 1 | 585 | 480 | 23-5 f 48 50 50 47-7 
| a 8 54:0 | 36:0 | 29-0 59-2 60 60 60 60-0 
< | 
| 0.Q. 760° C, 4 |} 47:2 | 865 | 381°5 59-2 69 66 G68 67-7 
| a 8 | 46-2 | 35-4 31-5 63-6 76 «68506=681)—s 80-7 ( 
0.Q. 739° C. 4 476 | 31-6 0-0 61-6 59 60 61 60-0 1 
” | 8 | 476 | 31:8 | 382-0 63-6 70 667) 6868-3 ( 
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Ease of Heat Treatment. 


Statements have been made that steels of inherent fine grain 
size give less trouble in the hardening shop than is normally ex- 
perienced, particularly as relating to distortion and cracking. The 
authors were unable to produce any definite data with regard 
to the question of distortion, but, even if one were to assume that 
distortion is not reduced, it seems reasonable to anticipate that 
when using steels of definite, controlled grain size, there should be 
less variation in the type and amount of distortion from cast to 
cast than if the grain size is not controlled. 

With regard to cracking, it can be said definitely that the use 
of fine grained steel is a decided advantage. The authors have one 
case particularly in mind, of a water-hardening nickel-chromium 
steel on which approximately 10-15% rejections were obtained 
due to cracking in heat treatment, irrespective of the works or 
type of furnace in which the steel was produced. A trial was made, 
comparing coarse and fine grained steels, and no defectives were 
produced from the steel of inherent fine grain. This resulted in 
the routine production of fine grained steel for this purpose, since 
when consistently satisfactory results have been obtained. 


Machinability. 


The claim has been made that fine grained steels are more 
difficult to machine than those of coarse or medium grain, and 
the authors have one case on record where figures have been pro- 
duced to confirm this. On the other hand, the authors have carried 
out numerous machining tests, both in their own works and else- 
where, in an attempt to reach a satisfactory conclusion on this point, 
but in all cases, with the one exception mentioned above. the 
results have been of a negative character. General engineering 
practice is to design the tool according to the material being 
machined, in order to obtain the maximum efficiency in machining. 
From this it would not appear to be an insuperable difficulty so to 
arrange cutting angles, &c., as to produce suitable types of tool 
for any class of material. Assuming this to be possible, the pro- 
duction of steel of a definite grain size, whether coarse or fine, as a 
regular procedure should reduce the machining difficulties which are 
bound to arise with steel of uncontrolled grain size, assuming 
that there is a difference in machinability between coarse and fine 
grained steel. 

From the practical point of view, it can be stated definitely 
that, apart from the one case mentioned, the authors have not 
experienced any complaint regarding the machining properties on 
thousands of tons of fine grained steel produced, notwithstanding 
that requests have been made for machining reports. 
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Is THE GRAIN-SizE Errect “ PERMANENT ’ 


To those with experience on the subject, such a question must 
seem redundant, but there still appears to be considerable mis- 
conception, even in the minds of some metallurgists. On the one 
hand, the authors were recently asked to give a “ grain-size count ”’ 
for hardened and tempered nickel-chromium steel—a_ physical 
impossibility, assuming the steel to have been correctly heat- 
treated—whilst in a recent issue of an important journal, the 
author categorically stated that “it does not follow that such a 
steel (fine grain) will have a fine grain size when drop-stamped or 
forged, as some people seem fondly to imagine.” 

The authors endeavoured in an earlier section to state briefly 
and simply the accepted definition of controlled or inherent grain 
size. They showed that over a certain range of temperature each 
steel developed a well-defined size of austenitic grain. 

The fact to be realised is that the characteristic grain size developed 
by this method of examination reflects certain clearly defined properties 
in the steel when tested in the condition in which it is normally put into 
service. What precisely happens to the grain size in the different 
types of steel when heated for drop-stamping or forging or rolling 
is really of secondary importance to this practical fact. 

The matter is, however, of considerable academic interest in 
its bearing on the true explanation of this difference in the ultimate 
properties. 

Therefore, although considerable data are already available, a 
few experiments are included which may help to clarify the subject 
in the minds of those who have not followed this work. 


The Effect of Temperature on the Austenitic Grain Size. 

Series A.—Examination of the Carburised Samples.—Plate LVITI. 
shows the effect of heating specimens of steel A (basic open- -hearth, 
carbon 0:39%) to increasing temperatures between 925°C. and 
1150°C. All micrographs are at 100 diameters magnification. 
Figs. 1 and 8 show the microstructure in the normalised (860° C.) 
condition. Samples in this condition were carburised at the temper- 
atures stated, and the austenitic grain size as outlined by the 
carbide (etched in alkaline sodium picrate) is shown in Figs. 2 to 6 
and 9 to 13 for the fine and coarse grained steel, respectively. The 
depth of casing for sample 2 did not provide a complete field at this 
magnification. 

Figs. 7 and 14 illustrate samples which had been recarburised 
at 927° C. after a previous carburisation at 1150° C. 

It will be seen that on the fine grained steel there is a tendency 
for local coarsening of the grain at a temperature of 975°C. This 
is much more strongly marked on the sample carburised at 1025° C. 
whilst at 1075°C. and 1150°C. the samples are coarse grained. 
Over the same range of temperature there is a gradual progressive 
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increase in grain size on the coarse grained sample, but in each case, 
for similar treatment, the coarse grained sample gives a larger aus- 
tenitic grain than the fine. Re-treatment of both coarse and fine 
grained samples at 927° C. gives an austenitic grain of approximately 
the same size as that produced with a single treatment at 927° C. 
This latter statement, naturally, only applies to the portion of the 
case where the carbide is completely taken back into solution; 
at such a temperature the more highly carburised portions still 
retain the coarse grain size developed by the treatment at 1150° C. 

This should make clear the essential point concerning the 
behaviour of the austenitic grain. If fine grained steel is heated 
beyond a certain temperature, which appears to be in the region 
of 1000° C., the grains grow, and at 1150°C. are of a similar size 
to those of the comparable coarse grained steel. But, if after the 
high-temperature heating, both samples are reheated to a lower 
temperature (even without work having been applied) such as 
would be used for normalising or quenching, then the “ inherent ” 
grain size is restored. 

The samples are carburised merely to facilitate the comparison 
of the grain size, but similar characteristics are revealed in the 
uncased interior. 

It has, further, been noted that following the soak at 927° C. 
with the subsequent standard slow cooling, steels which previously 
were normal were found to be strongly ferrite-banded when ex- 
amined in a longitudinal direction. This effect disappeared in 
samples slowly cooled from above 1000° C., and it was decided to 
follow up this point by further examination. 

Series B.—Examination of the Uncarburised Samples, with Special 
Reference to Ferrite Banding (Plate LIX.).—Coarse and fine grained 
samples from the same cast were first normalised from 860° C. ; 
some were then heated to 927°C. and others to 1075° C., in both 
cases forl hr. These temperatures were chosen, because at theformer 
the marked difference in austenitic grain size had been proved 
(see Figs. 2 and 9), whilst at the latter there was very little difference 
in the austenite grain size between coarse and fine grained samples 
(see Figs. 5 and 12). As previous indications of ferrite banding 
had been obtained on samples which had been cooled slowly from 
927° C., samples were cooled from the temperatures now chosen, 
both slowly in the muffle and also freely in air. In order to eliminate 
possible variants, the samples slowly cooled from 1075° C. were 
quickly transferred to the muffle containing the 927° C. pieces and 
cooled with them. The results of such treatments are illustrated 
in Figs. 15 to 22. 

It will be seen that in the samples cooled quickly from the two 
temperatures (Figs. 15, 16, 19, and 20) there is little or no evidence 
of ferrite banding in either the coarse or fine grained steel, and all 
the structures are sorbitic, irrespective of inherent grain size or 
temperature of treatment. Those cooled from 1075°C. (Figs. 16 
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and 20) show little difference in structure as regards size of sorbite 
grain or degree of resolution, but those cooled from 927° C. (Figs. 
15 and 19) reveal larger sorbitic areas in the coarse grained steel. 
This may be a reflection of the austenitic grain size, or may merely 
indicate the greater tendency of the coarse grained steel to sorbitise. 
In the slowly-cooled samples there is, again, little difference between 
the two cooled from 1075° C. (Figs. 18 and 22), although, possibly, 
the fine grained sample has a slightly greater tendency to resolution 
than the coarse. The samples cooled from 927° C. (Figs. 17 and 21) 
show definite differences in structure. Both the coarse and the 
fine grained steel are heavily ferrite-banded, but there is a distinct 
difference in the two structures within the sorbitic areas. 

In the coarse sample the individual grains are not only larger 
but of a much denser sorbitic structure. ‘This indicates a difference 
in the breakdown of the austenite at the A, transformation, which 
feature is considered to have an important bearing on the physical 
properties, apart from the grain size per se. 

Incidentally, an examination of the thermal critical ranges shows 
no significant difference between fine and coarse grained samples. 
Fig. 23 illustrates dilatometric and thermal curves for samples of 
this steel A. 

The authors apologise for digressing into the subject of banding, 
but it is perhaps worth recording that pronounced banding can be 
produced by slow cooling from 850-950°C. They have found 
that (still referring to the same steel) unbanded normalised samples 
begin to show signs of banding after 1 hr. at 760° C. when furnace- 
cooled, definite banding at 800° C., still more strongly marked at 
840° C., whilst at 900° C. the banding is possibly somewhat coarser. 

Conversely, as to the removal of the banded structure, taking 
samples of the same steel heavily banded by slow cooling from 
927° C., these were reheated for 1 hr. to progressively increasing 
temperatures, followed by air-cooling; 760° C. is sufficient to dis- 
sipate some of the banding, and it is completely eliminated at 840° C. 

No essential difference has been noted in the production or 
removal of banding as between fine and coarse grained steel, but 
the same features have been observed on various grades of steel, and 
the subject is being more fully investigated. 

Reverting to the original point, it is hoped that it is clearly 
established that the inherent grain characteristics of a given steel 
are permanent, in the sense that they are fully restored by a simple 
heat treatment (such as normalising), irrespective of prior treatment. 


Effect of Forging and Rolling Temperature. . 

There still remains the question of the effect of forging and rolling 
temperature on the inherent grain size. A paper before the 
American Society for Metals by H. A. Grove, in September, 1935, 
indicates that a condition of mixed grain or “‘ duplexing’ may be 
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caused by finishing either too hot or too cold. The authors have 
not actually experienced this in normal practice. 

A short set of experiments has been made, with the following 
results. 

Bars were forged from approximately 3 in. square to approx- 
imately 1} in. in dia., the whole of the work being carried out within 
the stated ranges of temperature. The samples were then examined 
for grain size by the standard method of casing at 927° C. : 


Range of Forging Inherent 
Type of Steel. Temperature. Grain Size. 
Manganese-molybdenum. 900-— 800° C. 2-3 
1000-— 900° C. 2- 
1100-1000° C. 2-3 
Nickel-manganese-molybdenum. 900- 800° C. 3-4; areas of 6. 
1000-— 900° C. 4; areas of 6. 
1100-1000° C. 4-5 
Manganese-molybdenum. 900- 800° C. 6-7 
1000-— 900° C. 6; areas of 5. 
1100-1000° C. 7 
4% nickel. 900— 800° C. 7 
1000— 900° C. 7 
1100—1000° C. 7 


Thus, there appears to be a fairly wide range of hot-working 
temperature within which the inherent grain size is not appreciably 
affected. 


THe Metuop oF CONTROLLING GRAIN SIZE AND SoME NOTES ON 
THE UNDERLYING THEORY. 


It is now well known that the principles involved in the pro- 
duction of controlled-grain-size steel depend in some way upon 
the method used for deoxidation. When making a thoroughly 
deoxidised steel, the usual procedure is to add progressively, and in 
suitable amounts, manganese, silicon, and aluminium, based on 
the theory that these metals react with the dissolved FeO, which 
reactions result in deoxidation products. It is agreed that in the 
desire to produce steel as free from non-metallic inclusions as 
possible, the steelmaking practice should be such that these de- 
oxidation products are removed from the steel to the maximum 
possible extent before the steel solidifies in the ingot mould. 

Aluminium was originally regarded (with justification) as a 
corrective for over-oxidation resulting from badly worked casts of 
steel. It was associated with the view that the resulting steel 
was less satisfactory and almost invariably “ dirty.” 

It has been shown that, on the contrary, aluminium may now 
be regarded as a very valuable agent for the improvement of the 
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physical properties, and, if used in conjunction with correct furnace 
procedure, does not have the adverse results originally contemplated. 

The early antipathy to the use of aluminium was, no doubt, 
well founded, but it can confidently be asserted that if steel is 
properly made, aluminium can be used for the purpose of producing 
the desired inherent grain size without increasing the content of 
non-metallic inclusions. 

The original theory put forward in America, and still common 
in technical literature, is that fine grain is achieved through the 
agency of minute particles of alumina distributed throughout the 
steel. Thus, it is suggested that the increase in the number of 
nuclei promoting crystallisation results in the production of the 
fine austenitic grain. It follows from this theory that it is essential 
that the steel shall be made under carefully controlled conditions, 
so as to obtain the proper degree of deoxidation by manganese 
and silicon prior to the addition of aluminium. If, for example, 
aluminium be added to a bath containing very much iron oxide, 
then aluminium is wasted in the preliminary deoxidation, and the 
resulting alumina is so coarse as to rise in the liquid steel instead 
of forming the desired nuclei. 

The authors have never been quite satisfied with this theory, 
and they therefore read with interest the paper by McQuaid (De- 
cember, 1935) in which he examines it more critically. He expresses 
doubt as to the validity of the nuclear theory, and tentatively 
suggests an alternative theory based on the effect of the aluminium 
(beyond that required for deoxidation) on the coalescence of the 
carbides precipitated when the austenite transforms. Several 
facts are presented which appear to render the nuclear theory 
untenable. For example, it is shown that in comparing fine and 
coarse grained steel, the content of alumina is fairly constant, 
whilst there are invariably striking differences in the aluminium 
content, although absolute accuracy is not claimed for the values 
of the aluminium and AI,O, respectively. 

The authors have made a thorough examination of three types 
of steel, made respectively in the fine and coarse grained condition, 
from the same cast. Aluminium and Al,O; were determined by 
direct solution in HCl, and the non-metallic inclusions were separ- 
ated by the iodine extraction method and analysed. Considera- 
tions of space preclude the inclusion of all the data, but briefly 
it may be said that there is no essential difference in the Al,O, 
content between fine and coarse grained steel. The aluminium 
content is greater in the fine grained steel, the values ranging 
from 0-020% to 0-030% in these tests, as against traces of the 
order of 0-001-0-007% in the coarse grained. It does not follow, 
however, that the excess aluminium per se is the vital controlling 
factor. 

A wide experience in observing the manufacture of fine grained 
steel in the basic and acid open-hearth and the electric furnace 
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leaves the authors with the impression that the essential principle 
is associated with the degree of deoxidation of the resulting steel. 

None of the methods yet available can tell us the oxygen content 
of the steel, apart from (or in addition to) that existing as non- 
metallic inclusions. When we are completely satisfied with the 
vacuum fusion method for total oxygen and the iodine extraction 
(or other) method for the oxygen in the inclusions, we may be able 
to arrive at this important value. 

From the above, it is hardly necessary to say that, in the authors’ 
considered opinion, the production of controlled-grain-size steel 
consists of much more than simply adding a certain amount of 
aluminium or other deoxidiser. It requires a carefully considered 
and worked-out technique, according to the steelmaking process, 
the type of steel being produced, and the purpose for which it is 
intended. It is for this reason that detailed information concerning 
the steel manufacture has not been included, as this might in fact 
be misleading to other steelmakers, who would not be conversant 
with all the factors involved. 

It would not be out of place, however, to point out that the 
control of grain size imposes a further burden on the steelmaker. 
It has been emphasised that fine grained steel can be produced 
only when a procedure is followed which results in thoroughly 
deoxidised steel. It necessarily follows that fine grain cannot be 
produced in rimming steel or semi-killed steel. 

Reference has been made from time to time to certain char- 
acteristics related to over-reduced steel, and a little consideration 
will show that the highest degree of skill is necessary in producing 
fine grained steel which is free from the well-known drawbacks of 
over-reduced steel, with particular reference to the latitude in 
temperature control during casting. 

The fact remains, however, that these steels are now com- 
mercially available, and the improvement in physical characteristics 
that has been clearly demonstrated in this paper has warranted, 
in the authors’ opinion, the intensive work which has been necessary 
in overcoming the difficulties that the procedure would tend to 
involve. 


SUMMARY AND CONCLUSIONS. 


(1) The authors consider that the subject of controlled grain 
size has not received the recognition it deserves in Britain, following 
the original work carried out in America. 

Inherent grain size, as defined, is controllable and is a function 
of steelmaking. The authors have chosen to submit tests on a 
selection of steels made specially to demonstrate the difference 
between relatively coarse and fine grain in the same cast of steel in 
every case. Thus, the only variable, within practical limits, is the 
grain size. The tests quoted do not necessarily represent the 
optimum results obtainable from any of the steels, nor has the 
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attempt been made to cover here the whole range of steels to which 
grain-size control has been applied. Control of grain size as a 
function of steelmaking has been in regular practice with the authors’ 
firm for a considerable time. 

(2) Fine grained steel (grade 5-8), compared with coarse grained 
steel (grade 1-4) of precisely similar quality, has certain well-marked 
differences in physical characteristics. Very briefly, these may 
be summarised as : 


(a) Greatly enhanced toughness as judged by the Izod 
(notched-bar) test, with particular reference to plain medium- 
carbon and low-alloy steels; this results in a more dependable 
and uniform product. 

(6) A less, but still beneficial, effect on higher-alloy steels, 
with particular reference to certain types of brittleness. 

(c) In mild steel, quench-ageing is not accompanied by any. 
reduction in toughness, whilst the reduction in toughness by 
strain-ageing is very considerably reduced. 

(d) The use of steel of controlled grain size facilitates heat 
treatment and also, in the authors’ view, renders standardisa- 
tion of machine shop practice more certain and reliable. 

(e) The authors concur in the view of the American ob- 
servers (Epstein and others!) that the use of aluminium in 
producing fine grained steel does not increase the number of 
deleterious non-metallic inclusions. 


(3) The relative effect of heating on grain size is illustrated 
and some thoughts are expressed on the underlying theory con- 
cerned. The authors do not consider that the “ sub-microscopic 
alumina nuclei ” theory meets the facts, and they doubt whether the 
later suggestion by McQuaid—viz., the effect of aluminium (beyond 
that required for deoxidation) on the formation of ferrite from 
austenite and the coalescence of the carbide—is entirely satisfactory. 
They incline to the view that the underlying fundamental concerned 
is the ultimate degree of deoxidation. 

(4) Finally, in what way should this subject of grain size control 
interest the engineer? In other words, what are the practical 
implications of this work from the user’s point of view ? 





It might be questioned whether, if a specification is considered to 
represent, and is shown by experience to be justified in representing, 
the supply of an adequate quality of steel, it is necessary for the 
purchaser to add to the difficulties of the steel supplier by specifying 
grain size control, and to himself by ensuring that he gets it. This, 
the authors imagine, is the question that any prospective user will 
ask himself. The reply is that herein lies a means of ensuring a more 
regular type of product, with, particularly in the case of the straight- 

1 §. Epstein, J. A. Nead, and T.S. Washburn, Transactions of the American 
Society for Metals, 1934, vol. 22, p. 942. 
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carbon and low-alloy steels, a definite improvement in toughness 
(as represented by the Izod test). This is an alternative, within 
limits, to the addition of an increased content of alloying elements, 
which may be comparatively expensive and which almost certainly 
adds to the difficulties of manipulation and heat treatment, as well 
as, in some cases, complications connected with such items as 
flame cutting and welding. 

The information contained in this communication also indicates 
that, whereas without grain size control the size in which certain 
types of steel could safely be used is limited, such limits are greatly 
extended when fine grained steel is employed. 

It is quite unnecessary to make any exaggerated claims for fine 
grained steel, but the authors do consider that grain size control is of 
fundamental importance, and they submit that if and when cases 
arise where the engineer desires a better Izod value with a given 
tensile strength, or, conversely, a somewhat higher tensile strength 
with the same Izod value, he would be well advised to consider the 
possibility of achieving the objective by a study of controlled grain 
size as an alternative to the use of a more highly alloyed steel. 

To those already well acquainted with the characteristics of 
fine grained steel and the advantages of grain size control, nothing 
need be said. 


In conclusion, the authors wish to express their thanks to the 
Directors of the United Steel Companies, Ltd., for permission to 
publish these results, and particularly to their colleagues on the 
staff of Messrs. Samuel Fox & Co., Ltd., and of the Central Research 
Department for their keen and sustained collaboration and assist- 
ance in carrying out the work. 
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DISCUSSION. 


This paper was presented for discussion at the Autumn Meeting of the 
Institute held in Diisseldorf on Tuesday, September 22, 1936. 


Dr. E. HoupremMont (Essen, Germany) congratulated the 
authors on their lucid presentation of the problem of grain size 
in steel and for having themselves investigated a subject already 
so extensively treated in the recent American literature. Although 
he disagreed in several respects with the interpretation of the results 
obtained, he would refrain from embarking upon a detailed discussion, 
but proposed to deal with such questions in a special future publica- 
tion. Accordingly, he would confine himself to references to the 
experience gained in Germany within this particular field. In view 
of the voluminous literature on this problem which had been 
published in America, as compared with the relatively small number 
of German publications, it might be thought that the Americans 
had attached more importance to the problem of grain size in 
steel and the methods of influencing and controlling it than had 
the Germans. As a matter of fact, however, the subject had been 
investigated with great interest in Germany for more than a decade, 
so that he was sometimes inclined to regard the recent flood of 
American literature on the subject as being in the nature of propa- 
ganda. 

It was, of course, true that the method adopted in Germany 
for judging grain size was different. As the authors had already 
stated in their paper, the Ehn test was chiefly in use in America, 
while in Germany it was usual to judge the grain growth and the 
varying tendencies of different steels towards a coarsening of the 
grain, by determining the limit of hardening. In this method, 
specimens, with a square cross-section and 30 mm. long, were 
heated to temperatures above the transformation temperature, the 
temperature being increased by 20° at a time. The specimens 
were then quenched in water and broken, and the fracture was 
examined with regard to both fineness of grain and depth of harden- 
ing. This process, which was applicable to all steels containing 
more than 0-3% of carbon, he had himself found in use in a German 
steelworks as far back as 192]. The process could be extended 
without difficulty to cover the case-hardening steels by previous 
cementation, and it permitted a clear differentiation, as regards 
the susceptibility to overheating and the consequent tendency to a 
coarsening of the grain, between steels produced by different as well 
as by identical metallurgical processes. 

A complete idea of the behaviour of a steel under all heat treat- 
ments possible in actual practice would be gained from a space 
diagram indicating the variations in grain size as a function of the 
heating temperature and of the time. In view of the fact that the 
behaviour of many steels, even at low temperatures, differed entirely 
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from that observed at very high temperatures, he had always con- 
sidered it a disadvantage that the Ehn test with its 8 hours’ cementa- 
tion at 925° represented only a single point in this space diagram. 
Consequently, the determination of the limit of hardening, which 
employed a range of temperature not necessarily restricted to the 
immediate vicinity of the hardening temperatures, would appear 
to be more suitable for the purpose under consideration. In 
addition, the temperature of 925° was, for many steels, rather 
excessive for judging their susceptibility to overheating during the 
hardening process. For example, it appeared from Fig. A, which 
was based on frequency data, that there were steels in which the 
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Fie. A.—Variation of the Commencement of Grain Coarsening during the 
determination of the hardening limit with the deoxidation in a steel 
with 0-55-0-66% of carbon, 0-27-0-36% of silicon, 0-65-0-88% of 
manganese and 0-11-0-40% of nickel (Hengstenberg and Houdremont). 


beginning of overheating, as judged by the size of grain after 
hardening, was displaced from 800° to 840°, and even to 880°, 
the displacement depending on the degree of deoxidation. These 
steels thus exhibited a widely differmg behaviour with regard 
to hardening within the 800-880° range, whereas they all lay within 
the range of severe overheating at the temperature of the Ehn 
test. In addition, it was even found (Fig. B) that, while the Ehn 
test was capable of distinguishing clearly between steels in which the 
coarsening of the grain set in at temperatures ranging from 780° to 
820°, and others where it occurred at 880°, no clear difference could 
be established within the lower range of 780-820° itself, within 
which the determination of the limit of hardening still showed 
distinct differences. In the circumstances there arose the question 
as to whether it was necessary to distinguish between eight steps 
of grain size. For all practical purposes it would suffice to dis- 
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tinguish between such steels as were susceptible to overheating and 
such as were not, adding, at the most, a group of medium suscepti- 
bility. On the other hand, the temperature of the Ehn test (925 ) 
was too low for the purpose of judging the coarsening of the grain 
which occurred in heating for the hot-work of welding and the 
resulting tendency to crack on w elding. Even for case-hardening 
steels, the cementing temperature of 925° must be regarded as 
rather unsuitable for practical purposes, as such a cementing 
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Fie. B.—Hardness Range of Tool Steels with 1-0-1-:1% of carbon made in 
various ways compared with the grain-size determination in the Ehn 
test (Houdremont and Schrader). 


temperature was too high for the majority of steels and particularly 
for alloy steels, whenever a maximum fineness of grain and minimum 
sarbide formation in the hardened skin were aimed at. The Ehn 
test, therefore, became generally applicable and reliable only if the 
cementing process was carried out at different temperatures. The 
Ehn test was open to the further objection that only indirect 
conclusions could be drawn concerning the depth of the hardened 
zone and the corresponding penetration of the heat treatment. 
On the whole, the testing method used in Germany appeared to be 
better adapted for practical use, since it allowed a direct judgment 
to be made of the behaviour of steel during the hardening process 
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and the heat treatments thereby involved, and since it could also 
be applied for other purposes by increasing the temperature. 


In case-hardened steels, the grain within the networks of 


cementite was not always of a uniform size right up to the surface ; 
on the contrary, as could be seen from Fig. F (Plate LIXa.), an 
external zone of finer grain occasionally appeared. This phenomenon 
was directly related to the rate at which carburisation took place, 
this process being completed more rapidly in the external zone as a 
result of the formation of cementite by the reaction of the penetrating 
gases with the solid-solution crystal, while in the adjacent inner 
zone the grain had time to grow, so that carburisation took place, 
by the comparatively slow diffusion of carbon. As a consequence 
of this effect of the speed of carburisation, the nature of the carburis- 
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special mild steel (7) (Baumann). 


ing agent employed could also affect the grain developed in the Ehn 
test, and differences had actually been found between the results 
produced by cementation with a mixture of charcoal and barium 
carbonate and cementation with town gas, the more drastic carburis- 
ing agent having been proved to be less suitable for developing small 
differences in the susceptibility to overheating. He considered it 
important that attention should be called to this possibility of an 
adverse influence, because in the circumstances the result of a repeat 
test by the Ehn method could only be reliable if an absolutely 
identical carburising agent were used, and because many apparent 
discrepancies could be due to a disregard of this fact. 

The recognition of the fact that steels manufactured by different 
metallurgical processes were liable to exhibit different degrees of 
susceptibility to overheating had soon led to experiments aiming 
to influence the grain size by adherence to definite metallurgical 
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conditions. The first example of the systematic development of a 
steel possessing a fine grain and a low susceptibility to overheating 
occurred in Germany. He alluded to the well-known “ Izett”’ 
non-ageing steel. On the basis of Fry’s work on the relationship 
between deoxidation and susceptibility to ageing, a steel of very 
fine grain and high notched-bar impact value was successfully 
developed by deoxidation with aluminium under absolutely re- 
producible conditions. The improved ductility of this steel, which 
was due to the fine grain, had been confirmed as early as 1926 by 
experiments carried out elsewhere. The results of these experi- 
ments were shown in Fig. C. This fact had been omitted in the 
technical literature published abroad, as also in the paper by the 
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Fig. D.—Influence of Aluminium on the Sensitivity to Overheating on Harden- 
ing of a Tool Steel with 1% of carbon (Houdremont and Schrader). 


present authors. Although the publications of McQuaid and Ehn 
contained a few references to the effect of an addition of aluminium 
on the structural abnormality of unkilled steel, the method in 
question, introduced on a commercial scale in 1926, could safely 
be claimed to be the first case of a steelmaking process being de- 
veloped intentionally and methodically with a view to obtaining 
a fine-grained structure. In view of the additional deoxidation 
of the steel by means of aluminium, the preceding metallurgical 
treatment was not without its importance. It had been established 
by Hengstenberg and himself that certain definite relations existed 
between the degree of purification, i.e., the amount of oxygen 
present in the steel, and the amount of aluminium required to 
obtain a definite degree of grain fineness. This seemed to disprove 
McQuaid’s opinion, according to which the decrease in susceptibility 
to overheating was due to the metallic aluminium held in solution 
by the bath. McQuaid’s opinion, further, contradicted the hitherto 
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unpublished results (Figs. D and E) of recent investigation on the 
action of higher aluminium contents on the penetration of hardness 
and the susceptibility to overheating. These results showed that 
the depth of the hardened zone was reduced by the addition of up 
to 0-1% of aluminium, irrespective of the hardening temperature. 
An addition of 0-2°% of aluminium caused an increase in hardening 
capacity, which latter corresponded approximately to that observed 
in steel containing no aluminium. On increasing the aluminium 
content to 05%, the hardening capacity became considerably 
greater than that of steels containing no aluminium. These con- 
ditions were reversed with regard to the susceptibility to over- 
heating, which at first increased with additions of up to 0:1% of 
aluminium, then remained constant up to 0-5°% and, finally, de- 
creased again as the aluminium content became higher. From 
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Fic. E.—Influence of Aluminium on the Depth-Hardening of a Tool Steel 
with 1% of carbon (Houdremont and Schrader). 


this it could be concluded with certainty that aluminium, as an 
alloying element, increased the hardening capacity of steel and 
consequently reduced its susceptibility to overheating, a fact which 
had already been observed in connection with case-hardening steels 
with a higher aluminium content. 

The theory of nuclear action by constituents which were soluble 
with difficulty, and which hindered the grain growth and thus 
reduced the susceptibility to overheating, therefore appeared to 
him to be the most likely one. In adopting this theory, it was by 
no means necessary to assume that the nuclei formed by the alumin- 
ium consisted of oxides, as nitrides were able to produce the same 
effect. Apart from the fact that the effect on the susgeptibility 
to overheating of the steel apparently depended, not on the absolute 
content of alumina inclusions, but on the degree of fineness, the 
assumption of a nitride effect could explain why the analysis of 
fine-grained steels, which had been treated with small additions 
of aluminium, frequently showed such a low alumina content. 
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He hoped that he had proved satisfactorily, in so far as that was 
possible within the narrow compass of the above remarks, that the 
problem of grain fineness in steel had been closely considered in 
Germany, and that German workers had contributed largely towards 
the solution of the problems involved. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield) said 
he had read the paper with very great interest. Both in Germany 
and in England the subject with which the authors were dealing 
had been very fully studied, but in somewhat other terms, as had 
been very ably put forward by the previous speaker. He sub- 
mitted that “controlled grain size in steel’ was not a suitable 
title for the present paper; the title should be qualified. What 
the authors were speaking of was the relative size of grain under a 
particular set of conditions at a given time, but it was not necessarily 
the grain size of the ultimate material as passed on to the engineer 
for constructional purposes. That had been brought to his notice 
very thoroughly a short time ago, when he was concerned with an 
investigation for a consumer in which three different firms supplied 
the same steel for the same purpose. When those three steels 
were examined by the McQuaid-Ehn test, it was found that two 
of the producers had sent along steel of grain-size 1, and the other a 
steel of grain-size 5. That was as shown by the McQuaid-Ehn 
test; but a critical examination of the grain size in the forging, 
the article as used by the engineer, disclosed that the actual grain 
size—which, after all, was a very important matter—in one steel 
of grain-size 1 was 0-004 in., in the second steel of grain-size 1 it 
was 0-0025 in., whilst in the steel of grain-size 5, which according 
to the authors was the finest of the series, the crystal size was 
0-008 in. That clearly showed that the McQuaid-Ehn test, on which 
the authors placed so much reliance, was not an adequate indication 
of the ultimate crystal size, which had a great influence on the 
response of the material under service conditions. 

Turning to the paper, he submitted that the authors’ statement 
on the first page, that the subject had not received the serious 
consideration which it merited, was hardly justified. It was true 
that on this side of the Atlantic there had been no attempt to enter 
into competition with the Americans in regard to the amount of 
literature produced, but the fact was that solid research work of a 
very extensive kind had been carried out in Germany, England and 
other countries. 

One difficulty which he found in discussing fully the scientific 
side of the work dealt with in the paper was that the authors had 
not—as, for example, in Table I.—given the aluminium content of 
the steel, nor had they said how much aluminium they had added 
to the steel. It was not possible to discuss in an intelligent way 
the implications of the work described unless the facts were fully 
given. He agreed that to an engineering audience—an audience 
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of consumers—the paper would be very interesting, but for a 
critical metallurgical audience it did not contain the intrinsic data 
necessary for a proper consideration of the subject. Before the 
authors submitted the paper to the consideration of an engineering 
audience, however, he hoped that they would attach the remarks 
which he was now about to make. 

Looking at Table IV., and taking the first few figures at the 
top of the second page of the Table, it would be seen that by just 
varying the grain size from 3 to 7, giving the steel exactly the 
same treatment as regards hardening and tempering—the authors 
had applied to this steel in two conditions the same heat treat- 
ment, the same time-temperature effect on hardening, the same 
time-temperature effect on tempering—the authors found that in 
the case of grain-size 3 the maximum stress was 70 tons and the 
yield point 65 tons per sq. in., whereas with the small grain size 
the maximum stress was 62 tons and the yield point 54 tons per 
sq.in. They then gave a comparative figure for the Izod notched- 
bar test, and showed that the difference from the Izod point of view 
was 42 for grain-size 3 as against 58 for grain-size 7. Dr. Swinden 
had that morning already partially disowned the Izod test; it 
would be recalled that he had gone out of his way to explain that, 
whereas it had previously been held that a good Izod value would 
prevent the propagation of a crack once it was formed, the Izod 
figure had not now in his mind the importance which it used to 
have. Personally, he agreed with that, and was glad that Dr. 
Swinden was coming to see things more from his point of view. 
The point, however, was this: If one provided a steel with a yield 
point 10 tons lower and a maximum stress 10 tons lower, one was 
obviously giving the engineer a steel which had a substantially 
lower fatigue range. In other words, the range of stress which 
could be imposed on that steel with the lower maximum stress 
and lower yield point was lower than in the case of the other con- 
ditions; and he submitted that a higher fatigue range was far more 
important than a trifling difference in the notched-bar impact test. 

However, the matter was not so simple as that. On the page 
preceding Table IV. the authors showed that steels of different 
grain sizes responded in a different manner to the same hardening 
treatment. When the paper contained evidence that the steels 
responded in a different way to the same heat treatment, it was 
surely unsatisfactory to carry the matter no further. He submitted 
that if the authors had performed experiments which took into 
consideration the different responses to heat treatment, the differ- 
ences in the resulting mechanical properties would have been very 
different from those disclosed in the paper. In other words, he was 
disposed to feel that, interesting though the paper was, it would 
have been a much more valuable contribution if the experimental 
work had been continued for some time before it was published. 
The authors appealed to the user. When he studied the steels 
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described in the different Tables he noticed that in the case of one 
steel they compared No. 1 grain size with No. 7, in another case 
they compared grain size 2-3 with No. 7, and in yet another case 
grain size 3-4 with No. 7. There was no homogeneity with regard 
to the steel. One would have thought that from the purely scientific 
point of view the authors would have compared No. | with No. 7, 
or No. 3 with No. 7, right through. Was it possible that they 
had not the facilities to put all those steels into No. 1 condition, 
so as to make a direct comparison? If an engineer told the authors 
that he wanted a steel for some particular purpose of a particular 
grain size, would they be prepared to leave it to him to specify 
the grain size, such as No. 1, No. 3 or No. 5, as the case might be, 
or would they reply that he must not try them so severely as that : 
he must give them a chance; he should ask for a steel of which the 
grain size was either 1-2-3 or 3-4-5 or 5-6-7? In other words, 
it would be very interesting to know the standard of precision of 
the control of grain size which they would be prepared to stand 
to on, say, a contractual basis. 

It was true and well known that ultimate grain size was very 
important—much more important than controlled grain size— 
but it was also a fact that many of the special steels possessed 
properties of which he might give one very interesting instance. 
There was made in England for highly-stressed purposes a chromium- 
nickel-molybdenum-vanadium steel which gave very high tensile 
properties with very considerable ductility. That steel had a very 
fine McQuaid-Ehn grain size indeed. That grain size, however, 
was intrinsic in the nature of the steel. He submitted that the 
authors had rather gone into the matter from the general point of 
view, on the assumption that the grain size developed under the 
particular conditions that the McQuaid-Ehn test was determining, 
but he thought that they should have been content to say that they 
had confirmed some of the work in America, to the effect that if 
certain carbon steels and the cheaper grades of alloyed steels were 
doped with aluminium a finer grain size was obtained, and they 
should have added that it was necessary to be very careful indeed 
that the whole of the technology involved in the fabrication of such 
steels for the consumer was carefully watched and carried out. 

In Sheffield they had always been led to regard the doping 
of steel with aluminium as the subterfuge of those who were not 
experts in the science of making steel. In other words, if a steel 
melter required to use a lot of aluminium to make the steel sound, 
he hardly merited the outstanding position which he occupied. 

He hoped the authors would not regard his remarks as critical. 
Had he not been at pains to read the paper it would not have been 
fair to make them, but he had studied the paper very carefully. 
He hoped that the comments which he had made would result in 
another valuable paper from the authors on the same subject in 
the course of another twelve months. 
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Professor Dr.-Ing.e.h. W. EmENDER (Aachen, Germany) said 
that the question of the susceptibility of the structure had also 
been dealt with extensively during the last five years in his Institute 
by means of a special melting method. He proposed to report the 
principal results obtained. At the same time he would also deal 
shortly with a number of theoretical considerations, which had 
been deduced by him and his co-workers. 

The tests were made on about 160 charges of various tool and 
structural steels. The heats were produced in a gas-fired crucible 
furnace with a crucible charge of about 45 kg. and an ingot weight 
of up to 100 kg., also in a basic high-frequency furnace with ingot 
weights of 10 and 50 kg., respectively. Certain results obtained 
with 40-ton heats from a basic open-hearth furnace were already 
available. Owing to the small number of such heats, a final opinion 
on the influence of the size of the ingot could, however, not yet be 
advanced. 


I.—General Results. 
It was possible to influence the structure : 


(a) By special control of the temperature, i.e., by super- 
heating the heat to about 1600-1650° uncorrected, whilst using 
normal casting temperatures. 

(6) In basic agreement with Herty and his co-workers, by 
a special deoxidising method. This involved primarily an 
intensive preliminary deoxidation by means of deoxidising 
agents yielding liquid and easily separable deoxidation 
products, e.g., silico-manganese. In the case of high oxygen 
contents this preliminary deoxidation could also be effected 
with aluminium ; this induced the formation of coarse-grained 
alumina inclusions, which easily passed into the slag. This 
preliminary deoxidation could equally well be effected by 
a special process, such as the Perrin method. Slag control was 
also essential in the preliminary deoxidation. ‘The final de- 
oxidation was effected with reagents yielding solid deoxidation 
products, the most reliable being aluminium. It could take 
place either in the ladle or in the mould. No definite state- 
ment as to the special secondary influence of specified de- 
oxidising agents could as yet be made. Similar effects were, 
however, observed when deoxidising with silico-calcium. 


The effect on the structure was two-fold, namely : 


(a) The destruction of the austenite was influenced by a 
variation in the proportions of grain-boundary ferrite and 
intracrystalline ferrite. 

(b) A decrease of the crystal segregation. As a result of 
the parallel grain refinement, a decrease of the thickness of 
the layer and thus of the diffusion paths was effected. 





PLaTE LIXa. 





(a) (b) 

Fic. F.—Different Developments of the Cementite 
Network in steels made in different ways, after 
similar case-hardening. 50, (See Houdremont’s 
contribution.) 
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Stability and variability of the structure : 


(a) Ordinary heat treatment (normalising, annealing, &c.) 
caused no important changes. 

(6) As was well-known, a crystal-segregated steel could be 
improved by the application of high temperatures and pro- 
longed heating (homogenising heating). 

(c) Steels produced by the melting processes mentioned 
earlier were mostly not susceptible to overheating and main- 
tained their characteristics to a considerable extent, especially 
in the case of subsequent normalising. 


IIT.—Individual Results. 


A. Tool Steels—(a) Resistance to Abrasion—The tests were 
made on a Spindel machine and with a material of the following 
composition: carbon, 0-75%; chromium, 0-8°%; manganese, 
0-6°; and silicon, 0-3°%. The specimens were oil-hardened from 
820° and tempered at 450°. The lengths of the worn segments in the 
case of the heats subjected to special metallurgical treatment were 
15-7 mm., 19-2 mm., and 14-0 mm.; in the corresponding normally 
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Fic. H.—Cutting Life of Two Carbon Steels, oil-hardened from 820° C. 


melted steels they were 17-3 mm., 21-9 mm., and 18-8 mm. The 
improvements were thus 9-5%, 12-5% and 21-5%, respectively. 

(b) Cutting Life-——The tests were made in the machine tool 
laboratory of the Technical College in Aachen. A number of results 
were shown in Figs. H to J. The chemical composition was 
approximately the same as that given earlier. In the tests shown 
in Figs. H and I, the steels were investigated in the oil-hardened 
condition, and in those shown in Fig. J in the hardened and tem- 
pered condition (oil-quenched from 820°, 230° tempering tempera- 
ture). The differences thus varied between 10 and 20%. 
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(c) The special melting treatment led to a far-reaching elimina- 
tion of laminations in sheets and fibrous structure in bars. 
case of saw blades the scale came off easily; the sheets did not 
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warp and remained straight during the hardening. 
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Fic. I.—Cutting Life of Two Carbon Steels, oil-quenched from 820° C, 


(d) With regard to depth-hardening, susceptibility to over- 


heating, and multiple hardening, the earlier results could be con- 
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Fic. J.—Cutting Life of Two Carbon Steels, quenched from 820° 


at 230° C. 


C., tempered 
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B. Structural Steels —(a) Strength Properties —Fig. K showed 
the results of longitudinal and transverse tensile tests in the tem- 


pered condition when different tempering temperatures had been 
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applied. The steels corresponded to the German standard steel 
VCN35 and contained approximately 0-35° of carbon, 0-65°%, of 
manganese, 0-25°% of silicon, 0-8% of chromium, and 3-6% of 
nickel. Differences were not found in the tensile strength and 
yield point, but were on the other hand found in the reduction of 
area and elongation, more especially in the range of low tempering 
temperatures. The heats treated by special metallurgical processes 
were characterised by a high degree of transverse toughness. 

(b) Transverse and Longitudinal Notch Toughness.—Correspond- 
ing to the differences in elongation and reduction of area, con- 
siderable differences in notch toughness were also found (Fig. L). 
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Fic. K.—Effect of Tempering Temperature on the Mechanical Properties of 
Two Heats of Steel VCN35. 


In this case a chromium-molybdenum electric steel containing 0-24%, 
of carbon, 0-95°%, of chromium, 0-23°, of molybdenum, 0:45°% of 
manganese and 0-3°% of silicon was used. The steels were also 
tested in the hardened and tempered condition at the temperatures 
indicated in Fig. L. As compared with these normally melted 
steels, the specially treated steels showed no important variations 
in transverse or longitudinal notch toughness. 

(c) In view of the considerably better longitudinal and trans- 
verse tensile values of the metallurgically treated steels, they were 
also much more resistant to sudden high impacts and shocks. 

(d) Fatigue Strength—The bending and torsional fatigue tests 
had not yet been completed. So far, variations of up to 50°% had 
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been determined, which corresponded with the variations in notch 
toughness. 

(e) Susceptibility to Welding Cracks ——Chromium-molybdenum 
steels, as generally employed in the aircraft industry, were examined. 
The charges which had been subjected to special metallurgical 
treatment were not susceptible to welding cracks. Higher carbon, 
sulphur and phosphorus contents were also permissible in steels 
treated in this manner. The upper limits had not yet been ascer- 
tained. In his opinion the susceptibility to welding cracks depended 
not on the type of furnace used, but on the melting process. 

(f) Formation of Flakes —The above-mentioned results had led 
him to form the opinion that the effect of hydrogen on the 
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Fie. L.—Effect of Temperature on the Reduction of Area and Notch 
Toughness of Two Electric Steel Heats, heavily laminated. 


formation of flakes was indirect. In steels with strong crystal 
segregations there were localised enrichments of hydrogen and these 
led to high disruptive pressures. For this reason fine-grained steels 
which were free from crystal segregations (e.g., acid steels) had 
considerably less tendency to form flakes. 

(g) Ageing after Cold-Work, Blue-Brittleness.—In his opinion the 
active nitrogen capable of separating out was of primary importance, 
likewise the grain size, inasmuch as the embrittlement was caused 
principally by intracrystalline precipitations and only to a lesser 
degree by precipitations at the grain boundaries. 

(h) Temper-Brittleness.—Steels subjected to special metallurgical 
treatment were far less inclined to temper-brittleness. Only in this 
way could the variations observed with the same chemical analysis 
be explained. P 
(i) Machinability—The tests were made in the machine tool 
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laboratory of the Technical College, Aachen. The results obtained 
with a chromium-molybdenum structural steel containing 0-37°% 
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Fig. M.—Machinability of Three Alloy Structural Steels. Tool: Bdohler 
SRE214. Cross-section of turning: 2 x 0-36 sq. mm. 
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Fic. N.—Diagrammatic Representation of the Relation between the Degree 
of Lamination and Acid Resistance. 


of carbon, 0-68°, of manganese, 0-26°, of silicon, 0-80°, of chromium 
and 0-28°, of molybdenum were exemplified in Fig. M. The steels 
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with low crystal segregation (Nos. 158 and 159) might be regarded 
as of equal value, and their machinability was about 12° higher 
than that of steel No. 153, which had higher crystal segregation. 
He could not report any investigations of his own on the influence 
of grain size on the cutting life. According to the experience of the 
writer’s Institute, however, it was not possible to say that in general 
fine-grained steel was more difficult to machine than coarse-grained 
steel. On the basis of recent drilling tests it had on the contrary 
been ascertained that coarse-grained steels with 0-5 or 0-9% of 
carbon and produced by overheating gave a less favourable per- 
formance. In this case it was therefore a question of the individual 
cutting method. When dealing with soft steels the effect of possible 
lubrication had further to be considered. 

(j) Acid Resistance.—The tests were made at room temperature 
with a 2% hydrochloric acid solution. Figs. N and G (Plate LIX.) 
showed that the charges subjected to special metallurgical treat- 
ment behaved better. The materials tested in Aachen conformed 
to a structural steel of VCN35 quality. 

C. Special Steels —(a) Transformer Steels—Charges subjected 
to special metallurgical treatment were distinguished by their low 
watt losses. The relevant tests were being continued. 

(b) Chromium and Tungsten Magnet Steels —No differences had 
so far been determined. Further tests were in progress. 


III. —Theoretical Considerations. 


(a) That the crystal segregation as well as the ferrite formation 
was influenced was evidenced by the following facts : 


(1) Coarse-grained steels were generally accompanied by 
primary bands, which were not slag or sulphide bands, &c. 
These steels were accordingly also microscopically pure and 
showed no abnormally high oxygen content. 

(2) The primary band could be removed subsequently only 
by a homogenising heating. 

(3) The effects of the primary band appeared strongest in 
the hardened and tempered condition at certain tempering 
temperatures (differential breakdown of martensite). 

(4) The primary band was accompanied by the appearance 
of dendrites, while fine-grained steels generally showed a 
globular structure. 


(b) In basic steels it was difficult to explain the effect of the 
overheating of the melt by the nuclear theory. According to the 
thermo-dynamic calculations of Dr. C. Schwarz, of Aachen, the cause 
was perhaps the different degree of dissociation of the iron carbide. 
In the case of ordinary carbon contents, the degree of dissociation 
amounted to about 8° at 1530° and about 12% at 1730°. At higher 
carbon contents (cast iron) the differences were considerably larger. 
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In consequence of the low heat of formation of the iron carbide there 
thus existed the possibility of undercooling and therefore of the 
maintenance of unstable conditions. A difficulty did, however, 
arise, inasmuch as the dissociated carbon was dissolved and was 
not present in the form of graphite nuclei. 

(c) The nuclear theory was capable of explaining all phenomena 
connected with the special deoxidation. Both the quantity of 
inclusions and the size of the particles were determining factors. 
For instance, identical alumina contents but of different particle 
size would produce a different nuclear effect. From the point of 
view of colloidal chemistry very small submicroscopical particles 
were essential. These could only be obtained by applying exceed- 
ingly low concentrations, 7.e., in the present case by low oxygen 
contents (Weimarn’s law). 

By the production of the finest possible deoxidation products 
their location in the microstructure was also changed. Coarse in- 
clusions were mostly found at the grain boundaries, whilst the finest 
particles, in the sense of colloidal inclusions, were distributed 
uniformly, and thus could be intracrystalline. These differences 
possibly explained also the fact that while steels not subject to caustic 
embrittlement were also non-ageing, the reverse was not the case. 

In accordance with the above, an acid steel could certainly be 
regarded as having a low oxygen content and as being micro- 
scopically pure; further, the whole of the oxygen was present in 
the form of a highly dispersed SiO, emulsion. In this respect 
nitrides (aluminium nitride, titanium nitride, &c.) also acted as 
nuclei. 

For this reason a genuine acid steel, in which sufficient automatic 
silicon reduction occurred, always had a fine grain and low crystal 
segregation. It was not sufficient to give basic steel a short second 
treatment in an acid furnace. The greater grain fineness of acid 
steel could explain its typical properties, e.g., the reduced tendency 
to flake formation, lamination, temper-brittleness, susceptibility 
to welding cracks, &c. 

(d) In consequence of the absence of crystal segregation, fine- 
grained steels were fundamentally more free from stresses. 

(e) Although a certain amount of aggregation of insoluble 
inclusions also occurred, it seemed to confine itself to an ejection 
at the grain boundaries. This explained the far-reaching grain 
stability of fine-grained steels. 

(f) The overheating of the heat and the formation of slag 
inclusions were probably also the causes of the typical structural 
differences in grey cast iron. 

(9) Temperature control and the method of deoxidation, and 
only to a lesser extent the raw materials, therefore determined the 
character of a steel. The raw materials were only of note as 
heredity factors (gas content, content of emulsions, &c.). This 
influence could, however, to a large extent be counteracted by 
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metallurgical means. ‘“ Virgin” raw materials were certainly 
more convenient, but they were not a pre-requisite for the production 
of a high-quality steel. 

In conclusion, grain size control was certainly an important 
consideration and should be carried out continuously in steel- 
works. In spite of the labour already expended on the subject, 
much still remained to be done, as a number of interrelated problems 
was involved. 


Dr. G. B. WatrerHovuse (Cambridge, Mass., U.S.A.) said he 
came from the United States, and nothing could be better calculated 
to make a man from that country feel at home than a paper and 
discussion of the kind to which he had been listening, because the 
subject of grain size had been before investigators in America for 
many years. He would like to say how very much he appreciated 
the attention which had obviously been given by workers in Europe 
to the various papers which were published in the United States, 
as was shown by that now under discussion. 

He felt that the authors had studied the matter very carefully and 
had presented a distinguished contribution, from which a great deal 
of value could be obtained. Further he thought that the discussion 
had been of a very high order. It was known in the United States 
that the meetings of the Iron and Steel Institute were characterised 
by the value of the discussions, and he had been confirmed in that 
view by listening to the proceedings that morning. In that con- 
nection, he would like to say that the remarks of Dr. Houdremont 
summed up very well the feeling in America on the subject of grain 
size control, and showed that in his study of the subject he had 
arrived at very good conclusions. 





This paper was also presented for discussion at the Additional Meeting 
held in London on Thursday, October 29, 1936. 


Dr. A. L. Norsury (Birmingham) drew attention to a certain 
similarity between the paper on steel now under discussion and the 
paper which he and Mr. Morgan were presenting that afternoon on 
cast iron.1_ The present authors dealt with variations in what used 
to be called the body or inherent properties of steel, while he and 
Mr. Morgan dealt with variations of a similar sort in cast iron. To 
be more specific, the present authors dealt with variations in the 
grain size in steels, and he and his co-author with variations in the 
graphite size of cast iron. These variations were in each case caused 
by some unknown quantity in the metal which had not hitherto 
been taken into account and controlled. It seemed likely, however, 
that the unknown quantity was the same in each case and was 
dependent on the nature of the non-metallic inclusions in the molten 


1 This Journal, p. 327 Pp. 
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metal. In the case of grey cast iron, it was suggested that coarse 
graphite crystallisation was caused by solid inclusions in the molten 
metal, and that liquid inclusions did not act in this manner. In 
the case of abnormal steels, the fine-grain-size effect had been 
attributed to the presence of alumina inclusions in the metal. 
That theory was, however, losing favour at the present time, 
because alumina inclusions were found in both fine- and coarse- 
grained steels. The difference, as found by the authors, might, 
however, be that iron oxide was present in coarse-grained steels 
but was not present in fine-grained steels. He wished to suggest 
that in the coarse-grained steels iron oxide was present and was 
combined with alumina and with silica—which would also be present 
if iron oxide were present, being formed by oxidation—and that 
these were in the form of complex alumina/silica/iron-oxide inclu- 
sions, which were considerably more fusible than the inclusions 
present in the fine-grained steels in which iron oxide was not present. 
The lowest freezing point in the alumina/silica/iron-oxide system 
was about 1180° C., and in the alumina-silica system about 1545° C. 
That being so, the fine-grained steel would, when molten, contain 
solid inclusions, while the coarse-grained steel would contain liquid 
or partly liquid inclusions. The liquid inclusions in the latter 
case would be more likely to coalesce and segregate, so that a smaller 
number of larger inclusions would result in the solidified steel. It 
might also be that liquid steel tended to crystallise on solid inclu- 
sions but to reject liquid inclusions to the crystal boundaries, and 
that this also affected the distribution. Assuming that these 
inclusions acted as nuclei for crystallisation when the allotropic 
change took place on cooling, the steel with the larger number 
of inclusions would give the larger number of crystals and the finer 
grain. The greater inoculating effect of the larger number of 
inclusions would cause the change to take place at a somewhat 
higher temperature, which was what the authors found in the case 
of fine-grained steels, as shown in Fig. 23. 

In support of the above, reference might be made to a paper by 
Mr. Bolsover and Professor Arnold presented to the Institute in 
1925,1 in which they showed that manganese sulphide inclusions 
crystallised in a much finer form and were less segregated if traces of 
aluminium were added to the molten steel. These authors also 
referred to a paper by Mr. Talbot,? in which he stated that the 
addition of traces of aluminium—for example, 0-03°,,—reduced 
segregation and made the steel set more rapidly. These observa- 
tions would agree with the idea that aluminium tended to form solid, 
as against liquid, inclusions in molten steel, and that the former 
were finer and more numerous and acted as nuclei for crystallisation. 

He need hardly add that he was very much in sympathy with 
the paper under discussion, which he thought was an excellent one. 

1 Journal of the Iron and Steel Institute, 1925, No. I., p. 271. 
2 Ibid., 1905, No. II., p. 204. 
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Mr. W. J. Dawson (Sheffield) said he had read the paper with a 
good deal of interest, and considered it to be important from two 
points of view: First, as to how far it was going to help the metal- 
lurgist and steelmaker to improve their steel, and, secondly, as to 
how far it might be misunderstood by the engineer and user not 
familiar with the finer points of steelmaking and metallurgy. 

He was glad to notice that in the introduction to the paper the 
authors paid due tribute to the work of the American metallurgists, 
and that they claimed no special credit for originality in this direc- 
tion. The paper, however, had added a good deal to the knowledge 
available, by reason of the numerous tests presented; and those 
tests confirmed previous information as to the effect of the inherent 
grain size on certain physical properties, particularly so far as the 
notch impact value was concerned. 

The demand for controlled grain-size steels followed American 
practice and had arisen principally from the motor-car industry, 
which was dealing with comparatively small sections. He would 
like the authors to say to what cross-section they would suggest 
that the method would be effective in maintaining fine grain, and 
equally the corresponding Izod value. Many makers in Britain 
were supplying these fine grained steels, and not only the fine grained 
but the coarser grained—the latter, on account of their improved 
machining properties, though he noticed that the authors had not 
been able to confirm the effectiveness of the coarser grained steels in 
that respect. Notwithstanding that, there was an important and 
constant demand for the coarser-grained steels. 

He would like to draw attention to the authors’ remarks on the 
fifth page of their paper, in the course of which they said that the 
tests carried out had been made on specimens from the same cast of 
steel. That, of course, was excellent, but it was unfortunate that 
they had not given any data with regard to the manufacturing 
procedure. It had always been an axiom of the various Institute 
Research Committees, that a full history ought to be recorded of 
any casts on which scientific work was being carried out, and it was, 
as he had said, rather unfortunate that the authors had not followed 
this excellent rule. They did not really make their case any better 
by the reasons given for not providing this information in the 
paper; in other words, they appeared to under-rate the intelligence 
of the average steelmaker. He sincerely hoped that the authors 
would be able to add something as to the manufacturing procedure— 
the size of ingot, the position in the cast, the amount of aluminium 
added, the state of oxidation or deoxidation of the bath, and many 
other details. ‘ 

He would also draw attention to Tables II. and III., where 
grain size was correlated with mechanical tests. He would like to 
deal more especially with the class of steel which the authors con- 
sidered of special importance in relation to the control of grain 
size, i.e., carbon steels and the lightly alloyed steels. There were 
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very considerable differences within the volume of one three-notch 
impact test-piece. Taking steel A in Table II., there was a variation 
in the three-notch Izod value from 15 to 29 ft.lb. in the coarse- 
grained example and from 70 to 88 ft.lb. in the corresponding fine- 
grained specimen, and there were other variations. For example, 
with steel B, coarse-grained, there was a variation in impact values 
from 11 to 25 ft.lb., and in the fine-grain steel corresponding to that 
from 30 to 42 ft.lb. In Table IIT., steel C, 2} in. square section, oil- 
quenched, there was a variation from 46 to 74 ft.lb. in three notches, 
and in the corresponding fine grain from 87 to 116 ft.lb. 

The authors had concluded, and he thought rightly, that the 
influence of fine grain in steel was in the direction of increasing the 
impact value. He would like to ask whether it was to be inferred 
from these differences within the comparatively small volume of a 
three-notch Izod test-piece that there was a variation in grain size 
in that particular area, and if not, he would like to know the reason 
for the variation. 

Finally, he would like to draw attention to another aspect of 
the matter, which was referred to on the penultimate page of the 
paper. The authors said “it might be questioned whether, if a 
specification is considered to represent, and is shown by experience 
to be justified in representing, the supply of an adequate quality 
of steel, it is necessary for the purchaser to add to the difficulties 
of the steel supplier by specifying grain size control, and to himself 
by ensuring that he gets it.” Personally, he thought that when 
steel manufacturers and their customers had agreed round a table, 
after due deliberation, to a definite specification with minimum 
values of physical tests, it was only complicating the matter to super- 
impose on that agreement a supplementary test which, if it had the 
effect of increasing the impact value, merely in effect meant supersed- 
ing and overriding an agreed standard specification. He thought the 
real use of this method of control was in helping the steelmaker, 
using it as a means of improving his quality ; and, when he had 
improved his quality, it was always possible subsequently to 
incorporate any such improvement in a specification. 


Mr. J. H. WuireLey (Consett, County Durham) said that, to 
anyone conversant with American publications on steel manufacture, 
the subject of the present paper must be very familiar. It could, 
he thought, be regarded as America’s special contribution, of recent 
years, to steel metallurgy, and the authors had given a very clear 
account of its main features. He was pleased to note that they had 
dropped the use of the words “‘ normal’ and “‘ abnormal ”’ so fre- 
quently used, as these terms could, at times, be very confusing. 
Arising out of the title of the paper, he would first like to ask the 
authors a question. Were they yet in a position to make, at will, 
steel to any grain size required within narrow limits; in other 
words, could they control the furnace working to the degree 
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that the cast would give, with certainty, say, grain size 3-4 or 
5-6 ? 

He was much interested in the authors’ remarks on ferrite 
banding, especially as it was a subject to which he had devoted 
much attention. It was a remarkable fact that although this 
banding was so common, it had as yet received no satisfactory 
explanation. He would, however, point out that, whether ferrite 
banding appeared or not, the banded heterogeneity which caused 
it could be found by using suitable etching methods. The cupric 
reagents were undoubtedly the best, although not absolutely 
essential for this purpose. Now, this heterogeneity could be 
eliminated by heating the steel at about 1200° C., and, provided 
that a sufficiently long heating was given to produce entire uniformity 
on cupric etching, no ferrite banding could then be obtained under 
any subsequent conditions of heat treatment. In commenting on 
a paper recently given by Carpenter and Robertson, he had men- 
tioned four factors which determined the extent of the formation 
of the ferrite banding, when the primary banding due to hetero- 
geneity was present, and he ventured to restate them briefly in the 
hope that they might be of some use to the authors in their further 
work on the subject. They were as follows : 


(1) The carbon content of the steel. As the carbon was 
increased the amount of ferrite was diminished, and conse- 
quently ferrite bands were less likely to appear. 

(2) The grain size. Small grains favoured the formation of 
ferrite banding. There seemed to be two opposing tendencies 
at work, one for the ferrite to appear at the heterogeneity bands 
and the other for it to be deposited on crystal planes, as in the 
Widmanstatten structure. As the grain size was increased the 
latter tendency often predominated. 

(3) The rate of cooling. Slow cooling favoured ferrite 
banding. It enabled the first tendency, just mentioned, to 
become more pronounced. 

(4) The intensity of the bands as revealed by cupric etching. 
He used this term for want of a better, but to anyone familiar 
with cupric etching effects its meaning would be clear. Ferrite 
appeared very readily at bands that were heavy and outstanding 
in cupric etching, while a much slower rate of cooling was needed 
to give ferrite at the fainter bands. 


The main conclusion which the authors drew was that “ fine- 
grained steel, compared with coarse-grained steel of precisely similar 
quality, has certain well-marked differences in physical vharacter- 
istics.” Unfortunately, judged by the evidence presented, this 
conclusion was open to criticism; in fact, he considered the title 
of the paper to be distinctly misleading. The evidence to which he 
alluded was as follows: In Table II. a set of results was given for 
steel A, quenched from 850° C. and tempered, the grain sizes of the 
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two varieties being recorded as 2-3 and 7. Now it happened that 
the structures of this particular steel after treatment at different 
temperatures were illustrated on Plate LVIII., and it would be seen 
that, normalised at 860° C., the two varieties had a No. 7 grain size. 
True, the “ coarse ”’ was slightly the larger, but it certainly did not 
approach the No. 2-3 size stated in Table II. It would, he believed, 
be generally accepted as grain size 7, or at any rate 6-7. Further, 
it would be noted that the normalising temperature, 860° C., was 
higher than the quenching temperature in Table II., so that the 
grain sizes of the quenched steels must have been still more closely 
similar. Since quenching also tended to restrict grain growth, it 
might be inferred from these considerations that the grain sizes of 
the four tests in Table II. were actually 7-8. The same inference 
also applied, of course, to the tests given in Tables III. to VIL., for 
in no case had the quenching temperature been above 850° C., 
while the grain size had, presumably, been determined at about 
930° C., the temperature of the standard test. 

Another piece of evidence should now be mentioned. Table X. 
contained results given by the steels P and R normalised at 920° C., 
a temperature sufficiently close to that of the standard test for the 
grain sizes to be as stated. It would be seen, however, that the 
Izod figures of the unstrained steels were virtually the same for 
the “coarse”? and “fine” conditions in both cases. Thus it 
appeared, on a critical examination of the contents of the paper, that 
grain size could not be the factor governing the well-marked differ- 
ences in physical characteristics, since, in one set of instances, these 
differences were obtained with test-pieces having practically the 
same grain size and, in another, no difference occurred with samples 
having widely varying grain size. It seemed obvious, therefore, 
that some factor other than grain size entered into the matter, for 
which reason he considered the title of the paper inappropriate. 
A title such as “The influence of aluminium on the physical 
properties of steel,’ or something to that effect, would have been 
better. In any case, he maintained that for proper comparison 
the authors should have determined the grain size of each steel at 
the quenching temperature used. 


Mr. C. C. Hopason (Preston) said he thought that the paper, or 
the type of work which the paper represented, would ultimately be 
of very considerable value to users of steel. He did not know what 
steelmakers as a whole would think about it, but the users would 
no doubt find it of very great help. Although it was now nearly 
fifteen years since Ehn had presented his paper to the Institute, 
the present was the first paper on the subject recording the results 
of original research emanating from an English source, so far as he 
was aware. 

The section of the paper dealing with the mechanical properties 
confirmed and extended what was already known from American 
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sources. The authors laid considerable stress on the improvement 
in the impact values. Just how much gain that meant in practice 
was perhaps open to debate, but it would be a very great gain if it 
was possible to be assured of always being supplied with steel which 
was uniform in all its qualities. It would perhaps be claimed that 
over a considerable number of years anyone purchasing steel from 
any given source would receive steel which conformed more or 
less to one given arbitrary grain size, depending on the steelmaking 
conditions in vogue at the works in question; but he was sorry to 
say that that was far from the truth. Actually over the last two or 
three years he had examined a large number of samples of steel 
supplied by some of the best steelmakers in the country and sup- 
posed to conform to a given specification, and it was not uncommon 
to find them varying from the finest grain size at one end of the 
scale to the coarsest at the other. Perhaps when more was dis- 
covered about what inherent grain size meant it would be found 
that these differences offered a ready explanation of some of the 
conditions which had been encountered in using steel in the past. 

With regard to machining, those who had followed the American 
literature would be aware that some rather big claims were made 
with regard to machining there. The authors had contented 
themselves with saying that they had not been able to determine 
any great difference. He would like to ask them whether they 
would find it possible to continue their work so as to provide quanti- 
tative data referring to machining, because it would be a pity if 
people were to be stampeded into ordering steels of a special grain 
size just because a great deal of information was being published 
about them which was not necessarily substantiated. Such machin- 
ing tests as he had carried out himself on steels of controlled grain 
size, varying from low-carbon steels up to steels containing 0-6% of 
carbon, had been quite inconclusive ; sometimes the large grain and 
sometimes the small grain had appeared to behave the better. 

Whatever the effect of inherent grain size might be on machining, 
however, there was no doubt that it was of great value in heat 
treatment. The authors had referred to the reduction in the danger 
of cracking on quenching, and in case-hardening also it was perhaps 
even more valuable. If one wished to obtain the best type of 
fracture, by which he meant one with a very fine grained case and a 
tough fibrous core, with a coarse-grained steel—say, one with an 
American Society for Testing Materials grain size of 1 or 2—it was 
impossible to get that type of structure without resorting to refining, 
but if one used a medium- or a fine-grained steel that type of fracture 
could easily be obtained without refining. That meant that one 
could cut out the cost of one treatment, and not only*that but also 
avoid any possible distortion that might result from the high- 
temperature quenching, which might mean further economies at a 
later stage in processing. 

He understood, moreover, that some fine-grained steels were 
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actually being used now for quite important work, quenched 
directly from the case-hardening box with no further treatment 
other than tempering, and quite successfully. He could confirm 
that, in general, the rate of carbon penetration in a fine-grained steel 
was slightly less than in a coarse-grained steel. 


Professor J. H. ANDREW (Sheffield) remarked that, in common 
with other speakers, he had read the paper with very great interest. 
He had been a little staggered by Mr. Whiteley’s remarks, and did 
not feel inclined to say as much as he would have done had he not 
first heard them. In the first place he took it that the authors in 
their reply would give the amounts of aluminium added to the ingots. 

There was one question which he would like to put to them : 
Did they regard the limiting grain size which occurred after a high- 
temperature annealing as being identical with or similar to that of 
the cast structure? Had they examined any of the ingots immedi- 
ately after casting? He asked that because he was inclined to 
think that the effect of aluminium was this: In a steel without 
aluminium, cooling would take place normally. As crystallisation 
proceeded, at the grain boundaries a certain amount of iron oxide 
and carbon would be segregated, along with other impurities. The 
reaction between the iron oxide and the carbon would probably 
keep the segregate liquid a little longer than if the iron oxide was not 
there. The presence of the free liquid would allow the grains to 
grow, and one would finish up with grains of large size “bounded 
by areas having oxygen in solution. He wondered whether the 
authors agreed with the suggestion that it might be the oxide 
segregation at the grain boundaries, which occurred after initial 
solidification, which more or less determined the limiting grain 
size, and that these boundaries would persist throughout the ingot, 
even during the forging and heat-treatment processes. It was well 
known that aluminium decreased the segregation to a marked 
extent ; it deprived the metal of oxygen, and freezing took place 
much more spontaneously. The result, therefore, was supercooling, 
followed by crystallisation from a larger number of nuclei giving 
rise to a large number of small crystals, as distinct from the other 
case where the oxide boundaries gave rise to large grain size. 

It was well known that when oxygen was in solution in the solid 
state it was very difficult to move it. In two micrographs on Plate 
LIX. the authors showed the banded structure, and he would like to 
ask them whether, if they added more aluminium to those steels, it 
was not possible that they would get rid of that banded structure, 
which he thought might be due to oxygen. 

With regard to the authors’ remarks on depth-hardening, the 
Americans seemed to have shown very clearly that a large grain 
size gave better depth-hardening than a small grain size. He 
wondered whether it was not rather a case of a critical size of 


specimen. If the specimen was too large, or too small, the effect 
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might not be shown clearly, but if the specimen was of a particular 
critical size it was possible that the authors would find that the 
depth-hardening did vary as between the different steels of different 
grain sizes. The Americans had done so much work on the subject 
that it was difficult to imagine that they would go wrong over a 
small point such as that. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield), said the 


paper was an appeal to the user of steel. It was quite clear, of 


course, that if the leading engineers of the country came to the 
conclusion that they wished to have a certain grain size, the steel- 
making companies would supply the grain size that was required ; 
but, of course, the fact that it might involve, as had already been 
mentioned, an additional clause in the specification naturally had 
its commercial implications. He would leave the matter there, but 
he would advise the market first thoroughly to weigh and consider 
the facts of the case. 

Dr. Norbury had referred to 0-03°/, of aluminium as “ traces.” 
To Dr. Norbury, working on cast iron, where he added 3% of 
silicon, 4°, of something else, and so on, 0-03°% might be regarded 

s “‘ traces,” but personally he would like to point out what 0-03°% 
of aluminium really meant. Wahlberg dealt with the great Brinell’s 
work before the Institute some thirty years ago. Brinell clearly 
established that from a “ killing ” point of view—.e., the production 
of sound steel which did not evolve gas—aluminium had 90 times the 
effect of manganese. If one took 0-03°/, which was not far removed 
from the amount of aluminium with which the authors proposed to 
dope the steel for the use of engineers, 90 times 0-03 was 2-7; 
and, as Brinell showed so ably, a quotient of 1-6 was the maximum 
which one should really have if one wanted sound steel, free from 
excessive piping. 

He therefore submitted—he was afraid he had said a good deal 
at the meeting in Germany on this paper, but there was so much 
that one could say that he thought he was justified in adding these 
remarks now—that if unsophisticated steelmakers, 7.e., non-expert 
steelmakers, indulged in endeavouring to supply the. engineering 
world with a steel of controlled grain size, according to the suggestion 
of the authors—and there was always a danger of that—then there 
was also a danger of excessive pipe in the ingots; and unless with the 
greatest intelligence the layout of the ingot itself as regards internal 
cavity was studied, engineers would be apt to run into a very major 
difficulty. They would not only get hypothetical effects such as 
the difference in grain size, but they would get holes in their steel. 
He would like to take the opportunity of cautioning’ the consumer 
from that point of view. 

As he read the paper, the authors implied that the steel should 
be dosed with aluminium to a certain amount—0-02 or 0-03% 
they were not very precise as to the amount which should be added— 
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and then that the steel which had been treated with aluminium 
should be examined and compared with one which had not, and any 
differences between those two steels must be regarded as virtues. 
The tensile properties might be lower, the fatigue range might be 
lower, the Izod value might be higher, the response to heat treat- 
ment was different, the machining properties were different; but, 
whatever variations there might be in the properties, they must be 
regarded as virtues. Now, that was not so. To begin with, since 
the response to heat treatment was different, it was clear that if 
one was going to put two types of the same material on the market 
one was going to confuse the user. The user would not be quite 
clear whether he was obtaining his steel from this source or from 
that source, and if he was obtaining it from two sources he must 
have a discriminating heat treatment in his works. From an 
industrial point of view that was a great difficulty. 

With regard to machining properties, there the size of crystal 
had a very great influence; but it should be remembered that the 
whole of this matter went back to the abnormal steel discovered by 
the Americans. They found a different response under the heading 
of heat treatment and machining properties, and it was a great 
credit to them that they found that it was steels to which aluminium 
had been added that produced the abnormal results. The authors 
now sought to apply that principle to the whole make of steels. As 
he had said already, if the users desired to have steel of controlled 
grain size the controlled grain size would be forthcoming; but 
within what limits? He must reiterate what he said to the authors 
in Germany: Would they be good enough to specify what they 
would regard as a reasonable range of grain size ? 

He was sorry that Dr. Gough was not present. Some years ago 
his own Company, just as did other makers of steel, supplied to the 
National Physical Laboratory a dead mild steel in the normalised 
condition to which no aluminium had been added. The grain 
size of that steel was 2-3, and the ratio of the fatigue limit to the 
maximum stress was over 60°, which was regarded by Dr. Gough as 
abnormally good. Whilst, therefore, there might be a virtue in 
controlling grain size, it was not the fine grain size, the 7-8 grain 
size, which should always be aimed at. 

In conclusion, he would like the authors to say with what 
exactitude they proposed that the steelmakers should undertake to 
work for the engineering industry. 


Mr. J. 8. G. Primrose (Birmingham) said that, as representing 
users of steels for some considerable time, he welcomed the paper, 
as would all his colleagues, as being very useful and informative. 
The details of the physical tests, and especially the Izod test, might 
in some instances from the practical point of view have been com- 
plemented by the Brinell hardness, which in many works was taken 
in preference to the tensile test, which involved too much labour. 

1936—ii LL 








514 P SWINDEN AND BOLSOVER : 


Apart from that, there were two points which he would like to 
make. One was that while the aim was to produce very much 
increased fineness in steels, it was possible to overdo it. When one 
got into the eight’s, and perhaps even the nine’s, in grain size, one 
obtained very high impact values but might introduce difficulties, 
i.e., one might get in the appearance of the impact fracture some- 
thing which was normally associated only with very low impact 
values, namely, the crystalline streak instead of an ordinary grey 
fracture. What that was caused by was engaging the attention of 
metallurgists. 

It was possible to obtain controlled grain size, and he had been 
working within 2 as a variation, not necessarily specifying it but 
asking the steelmakers to be kind enough to state what they found 
the grain size to be in their deliveries. That was a very useful and 
helpful indication of the heat treatment required. Wherever they 
had to do with grain size 2-3 they had to alter their standard heat 
treatment to obtain their standard impact requirements, but 
with grain sizes of 4, 5 and 6 no departure was necessary. It was 
possible with the larger grain sizes to modify the heat treatment and 
bring them in, but it was usually found that two heat treatments 
were required. Instances of that difficulty had occurred in regard 
to three quite different types of steel—plain carbon-manganese and 
chromium-carbon steels, and even nickel-chromium steels with or 
without the molybdenum rectification. Those points were very 
useful to the practical man, in that when he had the grain size 
given to him he knew whether to use his standard heat treatment or 
to depart from it. 

The other point to which he desired to refer was machinability. 
If one were given a coarse grain size it might be and very often was 
readily machinable, but there was great difficulty in bringing it 
into a tough, small-grained condition, whereas if one started with a 
small-grained condition it was easy to heat-treat to obtain the 
coarser grain size, then machine it, and then restore it by simple 
normalising to the fine-grained condition in which it would give 
high impact values. That was an important practical point. It 
was not necessary to order a large grain size for easy machining ; 
one could order a fine grain size, put it into the coarser condition, 
and then restore it by normalising. 

One looked for fatigue values : Did one obtain that by having a 
higher Izod value? That was a point which had not yet been 
completely cleared up, but to his mind they had a common factor. 
When one obtained the highest impact value one had the optimum 
sorbitic condition for any given carbon steel, and that was also 
associated with the highest fatigue endurance value. * 

A paper had been published during the past week by Brophy and 
Parker, who had proved that McQuaid’s assumption about the 
aluminium content controlling the grain size was completely wrong. 
They maintained that cases of hydrocarbon carburisation were all 
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normal, irrespective of the aluminium content, and those of com- 
mercial compounds abnormal. He thought that was a very brave 
assertion against McQuaid, who had also written a paper in which 
he came back to carbide particles as considerably affecting the 
grain size. 


CORRESPONDENCE. 


Mr. H. W. McQuarp (Massillon, Ohio, U.S.A.) wrote that this 
paper was of special interest to him, since it was the first to appear 
before the Iron and Steel Institute on this subject, which had been 
one of very pertinent interest in the United States for some time. 
The widespread acceptance of grain size control by practically 
every plant in the United States using and making steel was an 
indication that this control had demonstrated its value. Because 
of its wide acceptance in the United States it was natural to feel 
that it would eventually become as widely accepted in other countries. 

For several years after the first development of the carburising 
test for inherent grain size indication, its value to the user of steel 
was not given much prominence, and the improvement in uniformity 
which could be ensured by an intelligent use of the grain size check 
was considered more or less of a trade secret. The present wide 
acceptance of the importance of grain size control in the making 
of steel in the United States had been the result of ten or more years 
of investigation and experimentation on the part of both the steel 
user and the steel producer. 

The publication of the variation in physical properties and their 
relation to the grain size developed by the carburising test had not 
been given the prominence in the United States that perhaps one 
would have expected, owing to the fact that those properties which 
were most affected by grain size were often difficult to express in 
comparative tables. 

It was interesting to note the figures given in this paper, showing 
that there was little difference in the hardening properties in the 
fine- and the coarse-grained steels of the same analysis. He believed 
that a very important difference would have been found in the steels 
investigated for hardness if they had been tested in the water- 
quenched condition rather than the oil-quenched or drawn condition. 
It had been demonstrated many times that the coarser-grained 
steels would harden much more deeply than fine-grained steels of 
the same analysis, although this difference would be, of course, 
somewhat obliterated by a high drawing temperature. Examples 
given by the authors indicating the effect of an oil quench on a 
3-in. square carbon-steel billet showed very much less difference 
between the two types of steel than would have been the case had 
they been water-quenched. 

In fact, he believed that the primary difference between the 
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fine- and the coarse-grained steel in commercial applications was 
that due to the difference in hardenability. Inherent grain size 
control was especially important, owing to its effect on the harden- 
ability of water-quenched medium-carbon steel as well as carburised 
grades of plain carbon steel. It was doubtful if any important user 
of the medium-carbon heat-treated steels in the United States, 
particularly where this type of steel was used under conditions of 
mass production and water-quenched, would care to risk the 
difficulties which resulted from the deep hardening of the coarse- 
grained heats. 

It had been definitely found in the United States that the finer- 
grained types, with their decreased depth-hardening, were a very 
important, if not the most important, factor in the production of 
such parts as alloy-steel automotive gears, where control of distortion 
in quenching was absolutely necessary. It was also true that in 
some parts made from the plain-carbon type which were quenched 
in oil in thin sections, the deeper hardening, coarse-grained type 
was essential to obtain satisfactory results. It was believed that, 
even in these applications, somewhat more satisfactory results would 
be obtained by the use of the finer-grained type carrying sufficient 
alloy addition to ensure satisfactory hardenability, with the 
advantage of the ability of the finer-grained type to absorb suddenly- 
applied service stresses. 

The widespread use of the grain size specification in the United 
States and the realisation from this widespread use that the steel- 
maker controlled in the making such important factors in the finished 
product as cracking in quenching, warpage, the ability to distribute 
stresses, &c., had resulted in a remarkable change in the status of 
the steelmaker and user. It had resulted in increasing very greatly 
the responsibility which the steelmaker had had to assume for results 
in the processing of the steel in the customer’s plant. Thus, to-day, 
in the United States, not only had steelmaking become a problem 
of producing sound steel of a given chemistry and section, but the 
steelmaker had assumed the responsibility for the production of 
several types of steel of a given analysis, designed to meet the 
peculiarities which existed in a given customer’s design and plant 
equipment. This had increased greatly the necessity for the 
employment of experts by the steel companies, not only in the 
manufacture of steel, but also in the processing of steel, so that some 
steel companies in the United States were employing more metal- 
lurgical help in following the processing and application of steel 
than they were to meet the many technical requirements of steel- 
making. . 

It was pleasing to note on p. 461 P that the determination of the 
inherent grain size had become a matter of routine procedure in the 
steel plant with which the authors were connected, indicating as it 
did that this control must have proved to be of definite value in the 
production of quality steel. 
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The comments of the authors in regard to the mechanism of 
the grain size effect were interesting, especially those relating to the 
theory advanced that aluminium oxide in finely-divided colloidal 
suspension was the important cause of the fine-grain effect. Because 
of the easy and widespread acceptance of this theory in the United 
States and, to the writer, the weakness of this theory, it was hoped 
that a very critical examination would be made by the metallurgists 
of England into the underlying cause of the effect of the fine- and 
coarse-grain characteristics. 


Mr. AxEL HULTGREN (Djursholm, Sweden) wrote that he agreed 
with the authors’ statement that aluminium could be regarded as a 
valuable agent for the improvement of the physical properties of 
steel, and that if used in conjunction with correct furnace procedure 
it did not have the adverse results sometimes suggested. Apart 
from the furnace procedure proper, the manner and time of adding 
the aluminium were also important, since it had been shown that 
aluminium added in the ladle was liable to increase the amount of 
non-metallic inclusions in the steel, whereas when added in the 
mould in a suitable way it did not appear to do so.t The main 
reason probably was that silicate drops of fairly large size suspended 
in the steel while in the ladle would, if undisturbed, have time 
to rise, but if allowed to react with aluminium dissolved in the steel 
would give rise to clusters of smaller inclusions of aluminium oxide 
or silicate, which remained in the steel owing to their small size. 

He appreciated the great value of the authors’ interesting 
results, but on the point of theory, as dealt with on pp. 483 P and 
484 p, he would venture to state different views. The facts known 
to him had led him to the following hypothesis.” 

(1) A proper amount of aluminium with a proper amount of 
oxygen, both retained in solution in the steel on solidification, were 
essential in achieving the full measure of grain-size stabilisation in 
the sense under discussion. 

(2) On cooling after solidification, if aluminium and oxygen were 
present in solution in such suitable proportions, owing to decreased 
solubility, a precipitation of numerous, scattered sub-microscopical 
oxide particles would occur. These particles would effectively 
hinder grain-boundary migration up to a certain temperature, 
at which the increased mobility would overcome the resistance 
diminished by the increased solubility of the particles. 

(3) In order that the proper balance between the concentrations 
of oxygen and aluminium in solution should be struck, the state of 
deoxidation of the steel should be known or estimated. Further- 
more, the aluminium should be added late, 7.¢., in the mould, because 
if added in the ladle it would rapidly attack the reducible oxides 


1 Amberg and Hultgren, Jernkontorets Annaler, 1936, vol. 120, p. 311. 
2 A. Hultgren, ibid., 1935, vol. 119, p. 169. 
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present in the ladle lining, slag cover and silicate drops in suspension. 
Thus, the amount of aluminium left in solution in the molten steel— 
the significant amount in this connection—would decrease in a 
manner difficult to control, and the desired balance would not be 
equally well realised for the whole series of ingots cast. 

The grain-size stabilisation effect produced by alumina and 
aluminium-silicate particles formed by reaction in and separation 
from the molten steel was probably negligible, because such inclusions 
were ordinarily too few to account for that effect. Even those 
alumina inclusions which were found in the interdendritic portions 
last to freeze—presumably the smallest ones formed by separation 
from the molten steel—were of sufficient size to be clearly 
distinguished under the microscope.! 

The facts that in the authors’ investigation no essential difference 
was found in the Al,O, content between fine- and coarse-grained 
steel, but a higher aluminium content was obtained in the former, 
could be brought into agreement with the above hypothesis if it 
were assumed that, on dissolving the steel in HCl, the minute 
precipitated oxide particles went into solution as well and thus 
were returned as aluminium. 





Dr. H. O’Net (Derby) wrote that his interest in this subject 
arose several years ago when a piece of ‘“ abnormal’”’ steel was 
submitted to Professor Thompson in the Laboratory at the University 
of Manchester. It represented the first piece of such steel that 
either of them had seen, or that had been received by the engineering 
firm which was good enough to present it. From a study of the 
American literature on ‘abnormal ’”’ steels one was easily led to 
become interested in the claims made for steels of controlled inherent 
grain size. The authors were to be congratulated on bringing this 
matter to the notice of members of the Institute, for although they 
did not appear to have advanced the science to any great extent, 
theirs was the first important paper on the subject to be published 
in Great Britain. It should therefore serve as a basis for scientific 
discussion amongst British metallurgists, and thus enable users 
to learn how the matter stood in this country. 

Certain elusive properties of steel had been appreciated by 
practical men for centuries, and it should be the object of scientists 
to track these down, deal with them quantitatively if possible, and 
report upon them. It seemed not unlikely that something was 
demonstrated by the McQuaid-Ehn carburising test which was not 
dissimilar from the property of “ body ”’ in steel, and, however 
crude that test might be, it represented a first steyf in applying a 
yard-stick to one of these elusive features. Conversation with 
steelmakers who professed no enthusiasm for the controlled grain 


1 Amberg and Hultgren, Jernkontorets Annaler, 1936, vol. 120, p. 321, 
Fig. 11. 
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size idea revealed that they automatically talked in terms of 
A.S.T.M. Grain Size Numbers. The first point which he would 
therefore like to raise was this: Were they to remain indebted to 
the Timken Steel and Tube Co. and the American Society for 
Testing Materials for the supply of their standard grain size charts, 
or was the Iron and Steel Institute or the National Physical 
Laboratory prepared to consider the issue of a British chart ? 

A point which directly concerned this use of a standard test of 
inherent grain size was the question of obtaining steels of known 
machinability. Many American firms had found that the cutting 
behaviour of the harder alloy steels on high-duty machines could be 
correlated with the McQuaid-Ehn grain size. Since there was no 
universally recognised test for machinability, it was inevitable that 
at present they should specify grain-size values to obtain the 
material which they required. Whether grain-size values should 
he specified in other cases was quite another matter. 

His contribution to this discussion was that of a satisfied user 
of controlled fine-grained steel for certain structural purposes. 
The Chief Mechanical Engineer of the London, Midland and Scottish 
Railway, with which he was connected, decided upon a specification 
for coupling and connecting rods, and this specification had hitherto 
been met by employing steels of the low-alloy type. It was the 
duty of the metallurgist to meet requirements as cheaply as possible, 
and so about two years ago they decided to investigate the 
possibilities of fine-grained steels for this work. Their first alloy 
had the composition given in Table A, and average test values 
obtained from the half-way-in position of 5-in. x 2-in. blocks after 
oil-quenching from 850° C. and tempering were given in that Table. 











TABLE A. 
Composition : Carbon, 0-35%; manganese, 1:0%; nickel, 0-45%. 
Fine Grain (6-7). Coarse Grain (2-3). 
Yield point. Tons persq.in. . 29 31 
Max, stress. Tons per sq. in. : 42 44 
Elongation. % : : ; 31 28 
Izod impact value. Ft.lb. ; 85 25 


For comparison purposes, pieces of coarse-grained steel of the 
same composition and size were obtained, and the striking difference 
in the toughness properties reported in Table A would be noted. 
Their experience fully confirmed the authors’, that fine-grained 
material gave high impact values accompanied by greater ductility 
and a slightly lower yield point and maximum stress. 

More than 300 tons of the above material had now been forged 
into locomotive rods, each of which had been tested with very good 
results and without a single reject. The uniformity of impact value 
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obtained compared favourably with that of low-alloy steels made by 
various firms for the same purpose, whilst no difference had been 
experienced in the shops with regard to the machining properties 
of this relatively soft material. 

They were now trying a steel of about the same composition 
but free from nickel, and preliminary tests had given Izod values of 
90 ft.lb. combined with a tensile strength of 42 tons per sq. in. 

The results obtained by the authors on age-hardening properties 
were most interesting. Some time ago the writer examined “‘ Izett ”’ 
steel and found that, as was to be expected, it was of inherent 
fine grain, his specimen being of No. 7 size. ‘‘ Izett ’’ was known 
to have only slight age-hardening features, whilst certain pieces of 
wagon frame and boiler plate which he knew to be age-hardenable 
had coarse grain sizes of 2 and 3, respectively. 

He would like to press the authors for their views as to why 
steels sometimes showed a mixed grain size when carburised. This 
seemed to be one of the possible anxieties about the process, for 
one must assume that such mixed grain size had properties 
approximating to those of the coarse-grained regions. 

At a time when metallurgical developments were concerned with 
the “ modification ’’ of aluminium alloys, and the “ inoculation ”’ 
of grey cast irons, it was of interest to consider possible ‘ nuclear ”’ 
effects in steels from the same point of view. 


Mr. R. L. Witson (Canton, Ohio, U.S.A.) wrote that the authors 
had indeed presented valuable data to show the effect of grain 
size on the mechanical properties of steel. In summarising their 
work broadly, it could be said that the fine-grained steels exhibited 
better notch-toughness than coarse-grained steels under the same 
conditions of testing. Consequently it might seem that the 
commercial importance attached to the use of grain size would be 
confined to the application of fine-grained steels where a relatively 
high impact value would be required in combination with high tensile 
strength. As the authors were interested in the practical 
implications of grain size from the user’s point of view, he would 
say that in the United States the choice of steel on the basis of grain 
size was governed more often by considerations of economy in 
heat-treating and uniformity of product than by regard for 
mechanical properties as such. 

The fine-grained carburising steels, for example, showed com- 
paratively small grain growth during carburising, which permitted 
of a remarkable simplification of the later heat treatments intended 
to refine the microstructure of the case and core. .Formerly, the 
conventional American method of case-hardening steel to produce 
good refinement of case and core consisted in (1) carburising, 
(2) cooling the pieces slowly from the carburising temperature, 
(3) reheating and quenching from above the transformation range 
to refine the core, (4) reheating and quenching from above the 
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carbon change point to refine the case, and finally (5) tempering to 
improve the toughness. Now, by using a fine-grained carburising 
steel, the pieces to be case-hardened were (1) carburised, (2) cooled 
slowly from the carburising temperature or quenched directly 
from the carburiser in oil, (3) reheated and quenched but once to 
effect the ultimate refinement of both case and core, and tempering 
became optional. At times the case-hardening treatment might 
be reduced to (1) carburising, and (2) quenching directly from the 
carburising temperature, without any subsequent steps in the 
treatment. A number of important machine parts were produced 
on a large scale in the United States by employing this simple case- 
hardening treatment. The savings in heat-treating were apparent. 

As the direct-quenching of pack carburised pieces was rather 
troublesome, the introduction of gas carburising helped to popularise 
this form of case-hardening treatment. Improvements in the 
design and operation of gas-carburising furnaces and auxiliary 
equipment had so reduced the cost of hardening articles by this means 
that the manufacture of parts by case-hardening was competing 
with the methods based on the use of “ through-hardening ”’ steels. 
This situation had not only a commercial but also an engineering 
significance when it was recalled that case-hardened automotive 
gears for heavy-duty service were more capable of sustaining great 
tooth pressures than similar gears made of “ through-hardened ”’ 
steel. 

By purchasing steel to definite chemical and grain size specifica- 
tions the user was assured of receiving material that would machine 
and harden uniformly from one lot to another. In these instances, 
automatic machines could be set up in a standard manner to give 
the best rate of production consistent with a good finish, and the 
machined pieces could be expected to distort uniformly in the 
hardening quench. As long as the steel warped uniformly from one 
lot to another in the hardening operation allowance could be made 
in the machined size of the pieces to compensate for the change 
in dimensions caused by distortion. Until the necessary arrange- 
ments had been made to handle steel of a certain character in 
production, the full benefits of controlled grain size would not be 
realised. 


Mr. T. Henry TuRNER (Doncaster) wrote that this paper was 
most welcome. The attention given to the subject by our American 
colleagues has not been matched previously by such thorough 
investigation in England. 

When Ehn told this Institute in 1922 that many hardening shop 
problems were due to variations in melting practice, or what might 
be regarded as “ original sin” in the steel, some of our best-known 
steelworks’ metallurgists said ‘“‘ No, it was indifferent hardening 
which caused soft spots in carburised steels.” There must have 
been incomplete understanding of one another’s points of view in 
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1922, for this time it was English steelmakers who recommended us to 
take the McQuaid-Ehn test seriously. By so doing, the user of 
steel would be helped to more uniform machining speeds and greater 
regularity as regards service life. 

How difficult would the regular application of such a test be ? 
By the kindness of the authors, he had seen how they controlled the 
inherent grain size of their own steels. It would seem that anyone 
setting out to conduct this test in a routine manner would do well 
to estimate on an initial expenditure of up to £200 for a suitable 
overnight-operated time- and temperature-controlled furnace. 

Given such equipment, the grain size count became simplicity 
itself in commercial practice. No painstaking counting was 
necessary. Rapid visual comparison of the projected microstructure 
with previously made diagrams or photomicrographs representative 
of the eight standard index numbers was all that was necessary. 

These eight index numbers, any one of which represented a 
grain size half or twice as large as its nearest neighbours, make a 
fine standardised ‘‘ yard-stick ’’ for the user and the producer when 
speaking of inherent grain size. 

Many railway and other such forgings were still laid on the ground 
to cool from the temperature of working without pyrometrically- 
controlled subsequent uniform heat treatment. For such purposes, 
the steels with inherent fine grain would be much appreciated, if 
not excluded by price. Such forgings were often large enough 
to make the reduction of the mass effect offered in this paper 
desirable. 

The finer grain should obviously improve the Izod value, but it 
was not equally obvious to him that it should reduce the ultimate 
tensile strength and hardness. One was so used to fine grain 
produced by strain of work or by rapid cooling that it would be 
difficult for many to realise that the inherent fine grain was something 
entirely different, and its presence or otherwise was observed in 
steels all equally unstrained and equally slowly cooled. 

He was much indebted to the authors for their considered 
advice that one should take the McQuaid-Ehn test seriously for 
one’s own good. 


Mr. R. PERRIN and Mr. H. Jotivet (Ugine, Savoie, France) 
wrote that the authors must be congratulated on their numerous 
and interesting experiments in trying to connect the differences 
observed in the mechanical properties of steel from the same heat 
with the differences that could be seen in the austenitic grain size, 
or, more accurately, in the result of the standard McQuaid-Ehn 
test usually adopted to determine this size. 

In their works at Ugine, the writers had been able, thanks 
to the Perrin process, which gave excellent grain-size control, to 
study the influence of this factor on a large number of qualities of 
steel. 
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As the authors very aptly remarked, in many cases there was 
a connection between the results of the McQuaid-Ehn test and the 
character of the grain size of steel in the practical conditions 
prevailing in the customary heat treatments, However, it was 
necessary to avoid unrestricted generalisation. The differences 
observed in the McQuaid-Ehn test related chiefly to a difference 
in the temperature and the manner of grain growth of steels, but 
that difference was pronounced under very special working 
conditions. It would therefore be advisable, in order to avoid 
this contributory cause of uncertainty, to examine directly, every 
time it was possible, the austenitic grain under working conditions 
comparable with those adopted for the tests. 

On several occasions they had noted that two steels, having 
given comparable results in the McQuaid-Ehn tests, showed, how- 
ever, variations in the temperature and mode of grain growth, 
due, for example, to the manufacturing practice and particularly 
to the nature and quantity of certain additions which generally 
could not be analysed chemically. 

It would therefore have been interesting, in order to get all 
possible information from the results obtained, to know how the 
variations in grain size had been obtained and the corresponding 
observations on the grain growth. 

The conclusion tended to show that it was a question of additions 
of aluminium. On this subject the authors clearly stated that a 
more or less large addition of aluminium was insufficient to give 
proper control of the grain size, and that it was necessary to produce 
a state of deoxidation beforehand, so that the addition of aluminium 
influenced practically only the grain control. 

It was worthy of note that under these conditions the authors 
remarked that aluminium did not perceptibly alter the cleanliness of 
the metal. These observations agreed with the writers’ own 
experience. Thus, they were led to conclude that, with the 
reservations above mentioned, “aluminium seems to be a very 
valuable agent for the improvement of the physical properties.” 
This conclusion, however applicable it might be in a certain number 
of cases, seemed to them to call for many reservations. The tests 
which they had been able to carry out on this subject appeared 
to show that the influence of the addition of aluminium was 
more complex than the literature already published seemed to 
show. 

First of all, its action on the grain growth had not been explained 
satisfactorily up till now. It seemed to them that the determination 
of alumina in steels could now be made with sufficient accuracy to 
indicate that there was no direct relation between the alumina 
contents and the phenomena of grain growth. On the other hand, 
the numerous determinations of the residual aluminium which 
they had made had actually led them to believe that the refining 
of the grain was in direct relation to the presence of residual 
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aluminium in considerable quantity. On the contrary, the amounts 
found in steels in which the coarsening of the grain had not been 
modified were too small to permit them to infer, within the 
limits of accuracy of their determinations, the existence of an 
appreciable content. In this connection, it would be interesting 
to know the degree of accuracy which the authors obtained in this 
determination. 

In their opinion these statements did not afford definite proof 
that the presence of residual aluminium was the reason for the 
refining of the grain, nor did they permit of the definite rejection 
of the hypotheses based on the part played by oxides. It might 
be that the “ active ’’ part of alumina or oxides was not in simple 
relation with their total quantity and that it was connected with the 
existence of residual aluminium. 

Although one could only advance hypotheses, the similarity 
observed in the action on the grain size of a certain number of 
elements which also acted as deoxidising agents, giving birth to 
refractory and finely-divided oxides, had often led people to try to 
find an explanation in the action of oxygen or oxides. 

The hypothesis propounded by the authors, that it was a question 
of combined oxygen in the form of inclusions, seemed difficult to 
verify directly; the differences observed up till now between the 
very numerous determinations of the total oxygen and the oxygen 
of the non-metallic residues had been so small, in the writers’ case, 
for steels having received an addition of aluminium, as to come within 
the limits of errors of analysis. 

In any event, the fact must be emphasised that, as the question 
stood at present, the variations observed in mechanical properties 
showed, in the same heat, the total influence of the addition 
necessary for the refining of the grain and could not be ascribed with 
certainty to the mere variation in the size of the grain. 

In fact, when making a comparative study of steels of various 
grain size obtained with different additions, the thought emerged 
that other variations, due to the specific influence of the addition 
(an influence not yet properly explained), might be added (in 
certain cases even to a preponderating extent) to the variations of 
the common characteristics which seemed to be the inherent result 
of the variation in grain size. Therefore, the authors’ conclusion 
concerning the improvement of the characteristics of fine-grained 
steel (6-7) compared with coarser-grained steels (3-5) ought to be 
understood in a broader sense, and, in any case, required to be 
stated more precisely. 

In the particular case of the addition of aluminium, the results 
obtained in numerous tests, although in some cases they agreed 
with those stated here, appeared, however, to be more complex. 
The grade of the steel, the conditions of the heat treatment and the 
way in which the samples had been taken, had to be taken into 
consideration. 
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A few examples were given below : ! 

(1) In the case of unhardened or slightly hardening fine-grained 
steels especially, a considerable increase of the elastic limit could 
be observed when the ultimate tensile strength was decreased. 


Oarbon Steel. 
Semi-hard; normalised at 820°C. 
Grain 3-5: E=40-7 R= 67:5 
» 67: H = 440 R = 64-9 
Water-quenched from 850° and tempered at 600° C. 
Grain 3-5: E 56-0 R 77:8 
» 67: E=615 R 74-2 


This observation did not appear in the results given. 

(2) The fall in hardness might be more important than had been 
noted with certain grades of steel mentioned in this paper. 

The refining of the grain corresponded with a decrease of 
hardenability, which appeared more or less clearly according to the 
grade and the treatment and might bring about variations in the 
structure. 

This variation in hardness must be taken into consideration 
in the improvement noted in the ductility and impact properties. 


Nickel-Chromium Mild Steel. 

Oil-quenched from 850° 0, 
Grain 3-5: R=1200 H=95:0 A eae 41-0 
» 67: R=1020 H=816 A 9 e¢ 47-5 


Water-quenched from 850°C. 
Grain 3-5: R= 1343 H=112:1 A=T7 e€= 400 
» 87: R= 1345 H=1137 A 7 € = 4255 


(3) The improvement in resilience could vary according to the 
analysis and the heat treatment. The writers had even noted a 
good many examples of steels having a very low percentage of total 
oxygen, in which the addition of aluminium resulted in a decrease 
of the resilience values—especially when hardened without tempering 
—cases which the authors did not study. 


Semi-Hard Carbon Steel. 
Water-quenched from 850°, tempered at 600° C. 
Grain 3-5: R = 77:0 Mesnager = 11-4 
» 87: R= 142 Ar - 16-4 


Nickel-Chromium Mild Steel. 
Oil-hardened from 850° C. 
Grain 3-5: R = 130-0 Mesnager = 9-3 
» 67: R= 124-0 aa = 63 


1 The following symbols are used in the text : 
R = maximum stress, in kg. per sq. mm, 
E = Elastic limit, in kg. per sq. mm. 
A = Elongation, %. 


« = Reduction of area, %. 
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transverse tests, while the longitudinal tests did not show any 


indications for special test conditions. However, it would be 
interesting to know if the authors had met with such variations. 


properties, as a function of additions intended for the refining of 
the grain, was more complex than the authors indicated and deserved 
special attention. 


with the hope that they would complete their observations by an 
investigation of the structure of the metal, which might perhaps 
give some explanation of the phenomena observed. 


of steel of regular grain size was of fundamental importance, but 
considered that there was no general rule for the choice of a definite 
grain size—coarse or fine—but that, in every case, the grain size 
must be chosen according to the grade of steel and properties 
desired. 


had been able to show that a large amount of the alumina inclusions 
had no observable influence on the rate of grain growth. He only 
wished to point out that these alumina inclusions, having formed 
from the molten steel, were not sub-microscopic. If there had been 
any sub-microscopic alumina inclusions, crystallised from solution 
in the solid steel as proposed by Hultgren,! they might have dis- 
solved in the HCl; even if not, their quantity would be small in 
comparison with the quantity of large alumina inclusions, and thus 
the conclusions drawn from the residue analysis might be deceptive. 
The only objection he (Mr. Phragmén) had against Hultgren’s theory 
was that the quantity of alumina which could be held in solution in 
solid steel must be expected to be very small even at a high tempera- 
ture. The possibility of other substances forming compounds with 
aluminium, which might crystallise as sub-microscopic inclusions in 
the solid steel, should not be completely left out of consideration.” 





Water-quenched from 850° C. 
Grain 3-5: R = 138-3 Mesnager = 8:1 
Pe eee 3 142-0 . 6-5 


In certain cases, this influence was clearly evidenced in the 


variation. 
Nickel-Chromium Steel. 
Oil-hardened Tempered 
from 850° 0, at 600° C, 
Grain 3-5: Longitudinal. Mesnager. 16-7—18-0 6-0-6-0 
», 6-7: Transverse. * 16-8-17-7 3:7—4-2 


The above few special examples gave only relative numerical 


In any case, the problem of variations in the mechanical 


The authors were to be thanked for their important contribution, 


Like the authors, the writers thought that the manufacture 


Mr. G. PHrAGMEN (Stockholm, Sweden) wrote that the authors 


1 A, Hultgren, Jernkontorets Annaler, 1935, vol. 119, p. 169. 
2 G. Phragmén, ibid., p. 173. 
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The authors had advanced the theory that the degree of deoxi- 
dation was fundamental for the resistance to grain growth. This 
theory might be tested by the investigation of steel remelted in high 
vacuum, using magnesia crucibles free from alumina. Experiments 
with calcium as a deoxidiser might also throw some light on this 
question. 

The authors stated that “ the highest degree of skill is necessary 
in producing fine-grained steel, which is free from the well-known 
drawbacks of over-reduced steel.” Perhaps the authors used that 
term onlyas an abbreviation for steel towhich rather much aluminium 
had been added; if not, they should give some evidence that the 
‘* well-known drawbacks ”’ were caused, not by the dissolved alu- 
minium, but by the low oxygen content of the steel, for instance, 
by showing that over-reduced steel could be produced without the 
addition of aluminium. Some observations on the pouring of alu- 
minium steels in vacuo would also be interesting. 


Colonel N. T. Betatew, C.B. (Paris), congratulated the authors 
on their very important and timely paper. He remembered well 
the interest which was raised by the paper of Ehn (on dissolved 
oxides) presented to this Institute in 1922. However, the reception 
given to it was rather guarded, and he (Colonel Belaiew) was among 
those who failed to realise the importance and the implications of 
that paper. He would like now to take this opportunity to express 
his appreciation of the school of metallurgists, mostly Americans, 
who, by persevering in this particular line of research, enabled one 
to realise more fully the purport and importance of such phenomena 
as hardenability in relation to grain size and also the réle and im- 
portance of the McQuaid-Ehn carburising test. Particular thanks 
were due to the authors of this paper for having given one the 
benefit of their experience in that field, and, last but not least, for 
the micrographs of Plate LVII., where the Grain-Size Standards of 
the American Society for Testing Materials were reproduced. 

It was generally considered that the hardenability of steel de- 
pended on the rate of transformation of the austenite into lamellar 
structures; the finer the grain the more rapid was this trans- 
formation, and, correspondingly, the fine-grained steel possessed 
a low hardenability. Consequently, if low hardenability was aimed 
at, every endeavour to produce fine-grained steel was justified, 
the more so as such steels were less susceptible to overheating. On 
the other hand, there were cases when a greater hardenability and 
consequently coarser-grained steels were required. 

Therefore one had to endorse the authors’ final remarks that 
“it is quite unnecessary to make any exaggerated claims for fine- 
grained steel,” whilst quite agreeing with them “that grain-size 
control is of fundamental importance.” It was with reference to 
that control that the McQuaid-Ehn carburising test proved of such 
signal importance and usefulness. As that test was being more and 
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more widely applied in Britain and on the Continent attention 
should be drawn also to some of its limitations. 

This test undoubtedly gave ideal information with reference to 
steels used in the carburised condition. It was only the extension 
of that test to other types of steel that required certain qualifications, 
namely, it was useful to bear in mind that it did not necessarily dis- 
close the actual grain size as used in practice after a different heat 
treatment. 

He also wished to associate himself with the authors’ criticism 
of the nuclear theory, and to suggest that the particles of alumina 
did not exercise their influence on the grain size directly, but only 
in an indirect way, through their action on the primary dendritic 
crystallisation. In a series of articles starting as far back as 1907, 
N. I. Belaiew and the writer had shown that the structure of the 
dendrites was a very stable one and could not be destroyed by 
any usual heat treatment. It was therefore very important to obtain 
from the beginning a correct dendritic structure, and it was here that 
the character and quantity of the slag enclosures became of para- 
mount importance. 

It was with these slight reservations that he accepted the authors’ 
very important conclusions, and had again much pleasure in con- 
gratulating them on a very illuminating and suggestive paper. 


Professor P. CHEVENARD (Imphy (Niévre), France) congratu- 
lated the authors on the very precise and methodical character of 
their work. They had succeeded in isolating the factor “ grain 
size ’’; and their conclusions, which were very important, explained 
and supported the observations made in the laboratories at Imphy 
in the study of steels with controlled grain size. Not only were the 
advantages of fine-grained steel, in regard to the mechanical pro- 
perties (and more particularly the toughness) and the aptitude to 
ageing, clearly demonstrated by the authors’ experiments, but they 
also established the permanent character of grain size. 

He shared with the authors the opinion that neither the theory 
of sub-microscopic particles of alumina nor the specific action of ex- 
cess aluminium was sufficient to explain all the facts observed, and 
that it was necessary also to take into account the degree of deoxida- 
tion of the steel. The latter interpretation was supported by the lesser 
penetration of quenching in fine-grained steels, as indicated by the 
authors. Slower penetration was synonymous with greater critical 
speeds of quenching. Now, experience, no longer recent,! had 
shown that the critical speeds for carbon steels diminished when the 
degree of oxidation of the steel was increased. . 

Those researches were intended to elucidate the mechanism of the 
quenching of carbon steels and to measure, for all heating tempera- 
tures, the critical speeds, that was, the maximum speed of tempering 
and the minimum speed of complete quenching. The method con- 


1 Chevenard, Revue de Métallurgie, Mémoires, 1919, vol. 16, Jan., pp. 17—79. 
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sisted of heating a very fine steel wire by means of an electric current 
in an inert atmosphere and then allowing it to cool spontaneously, 
while registering the curve of thermal contraction on a photo- 
graphic plate. The characteristics of this curve indicated the trans- 
formation temperatures of the wire during cooling, while micro- 
graphic and micromechanical examination determined the condition, 
tempered, semi-quenched or quenched, of the steel produced by this 
cooling. The speed of cooling was varied by using a gas which con- 
ducted heat more or less well: hydrogen, nitrogen or a mixture of 
these two gases. This speed was registered by a periodic interruption 
of the pencil of light, which divided the registered curve into iso- 
chronous sections. The critical quenching speeds were thus mea- 
sured with a great degree of sensitivity. 

Now, the steels first used for this study had been made by melting 
Swedish iron and electrode graphite in a small arc furnace. The 
metal was protected by a slag which was kept perfectly deoxidised 
by means of additions of calcium silicide. In these conditions the 
synthetic steels obtained were certainly only very slightly oxidised. 
In addition to these wires of synthetic steels, tests were made on steel 
wires of ordinary quality prepared in the open-hearth furnace, acid 
or basic, by the usual processes. Now, the critical quenching speeds 
of these steels, which were certainly more oxidised than the syn- 
thetic steels, were found to be clearly lower than those of the latter. 
The deviation amounted sometimes to as much as 100-200%. 
The difference could even be determined without making any 
measurement at all; a given heating electric current was passed in 
series through a wire of synthetic steel and one of ordinary steel, 
of the same diameter and the same chemical analysis (oxygen not 
determined), and the wires were then allowed to cool in an atmo- 
sphere of nitrogen plus hydrogen. Under these conditions quenching 
of the ordinary steel wire only occurred ; the latter, the more oxidised, 
had therefore the slowest critical speeds of quenching. 

Another fact supporting the part played by deoxidation was that 
fine-grained steel was less sensitive to ageing on annealing, parti- 
cularly after cold-work, than coarse-grained steel. Now, it seemed 
to be well established that precipitations of oxide entered into these 
phenomena of ageing; their lesser intensity in fine-grained steel 
was apparently related to a lesser degree of oxidation. 

All steelmakers had known for a long time that it was very diffi- 
cult to manufacture a good case-hardening steel from highly phos- 
phoric iron—basic Bessemer iron, forexample. The abnormal nature 
of the cementite layer on these steels had been generally attributed 
to the very great oxidation of the bath necessitated by the elimina- 
tion of the high proportion of phosphorus. Further, Professor 
Portevin, more than 20 years ago, had drawn attention to the 
anomalies in the cementation of oxidised steels ; he had even proposed 
to characterise the degree of oxidation of the steel by its micro- 
graphical appearance after cementation. It was curious to note 

1936—ii MM 
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the analogy between that control method and the grain size test 


developed by McQuaid and Ehn. 


Mr. J. Dickson HANNAH (Manchester) wrote that the authors 
were to be congratulated on a paper which supplemented, and in 
certain directions confirmed, much work hitherto published in 
America. The paper was the more timely because it had been becom- 
ing evident in recent years to users, particularly of carbon steels, that 
grain size control could yield a variety of incidental effects which 
were not perhaps as yet fully explored. 

Of these the effect on hardness penetration referred to by the 
authors was one which appeared to be more pronounced in the higher 
ranges of carbon content, and it would be helpful if the authors could 
see their way to extend their observations in this field. 

In this direction also the effects produced on the properties of the 
case of case-hardened carbon steels seemed to call for more detailed 
attention. The authors gave figures showing the improvement in 
the core Izod values of carbon case-hardening steels after treatment 
equivalent to that sustained in case-hardening operations, and the 
writer had met with similar results. It had, however, been his ex- 
perience that in some instances the final properties of case-hardened 
objects made from fine-grained steel had been disappointing, parti- 
cularly in regard to their behaviour under alternating stress. The 
properties of the case and of the transition zone were here likely to 
be at least as significant as the core properties, and the subject might 
benefit from investigation in this regard. 


Mr. G. Burns (Birmingham) wrote that this paper, giving the 
authors’ experience of the effects of the austenite grain size on the 
mechanical properties of heat-treated carbon and alloy steels, formed 
a valuable addition to the literature on this important subject. 

Since the paper might well mark the beginning of a period of 
increased interest in Britain in austenite grain size, it was to be 
regretted that the authors should have used the McQuaid-Ehn test 
throughout their work. This test was admirably suited to case- 
hardening steels, but could give very misleading results when applied 
to heat-treating steels, particularly those containing an appreciable 
amount of alloy elements. 

In order to know how a steel would respond to heat treatment, 
knowledge was required of the austenite grain size at the quenching 
temperature. This would probably be about 830-850° C., and a 
determination of the grain size at 927° C. did not necessarily give 
the required information. In carbon steels, where the grain size 
coarsened either at a temperature only slightly above A, or at a 
much higher temperature, the test might give satisfactory indications, 
but in alloy steels, where coarsening only took place at a temperature 
appreciably above Ag, the test was not so dependable. The authors’ 
failure to obtain distinct differences between alloy steels classed as 
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coarse- and fine-grained respectively at 927° C. was possibly due to 
this difference in grain size not existing at the temperature from 
which the steels were quenched. It was suggested that the develop- 
ment and use of a form of test indicating the grain size of a heat- 
treating steel at the quenching temperature would give them more 
valuable results than a test indicating the grain size at some arbitrary 
temperature having no relation to the temperature at which heat 
treatment would be carried out. 


Professor C. BENEpIcKs (Hon. Vice-President) and Mr. H. 
Lérquist (Stockholm) wrote that it was gratifying that the present 
paper—which seemed to be the first one on this important subject 
in the Journal of the Institute—contained much new experimental 
evidence regarding the influence of a fine-grained structure. Thus, 
the figures given in Table II. demonstrated very clearly that the 
effect of fine grain was to give a very considerable increase in tough- 
ness. Similarly, the fact that a fine-grained structure gave less 
hardening cracks (p. 477 P) deserved much attention. A few funda- 
mental problems might now be discussed. 

What signified the Word “ Body” ?—The present writers ap- 
preciated the assertion—as being the opinion of Sheffield experience 
—that ‘“ foolproofness ” in heat treatment was the most significant 
property of such steel, to which the epithet ‘‘ body ”’ was assigned. 
On the other hand, it was often said that ‘“ body ”’ merely signified 
“ high quality.” 

Hence, they wished to put forward a definition of this “‘ mysteri- 
ous ”’ property, at which they had arrived after careful consideration. 
A steel was said to possess “ body” if (1) with sufficiently good 
mechanical properties, it (2) was insensitive to rough heat treatment. 

This definition obviously gave justice to the two above opinions, 
both expressing important aspects. 

The definition of the import of the word “ body ”’ evidently 
gave no explanation of the underlying causes, viz., the simultaneous 
presence of these two characteristics. The problem was to find 
a theory explaining the above insensitiveness, 7.e., the resistance 
to grain growth at increased temperature. The importance of 
possessing a theory for this phenomenon was rightly emphasised 
by the authors. The present writers appreciated the criticism of 
the supposition that grain growth was determined by the presence 
or absence of highly dispersed alumina particles, distributed through- 
out the steel. The authors instead seemed to attribute a definite 
influence to dissolved aluminium—a higher amount of which was 
found to exist in fine-grained steel—though, in the Summary, the 
somewhat diffuse opinion was expressed that the underlying funda- 
mental concerned was the “ ultimate degree of deoxidation.”’ 

As would be seen, there was actually good reason for attributing 
a definite influence to dissolved aluminium, as such or in certain 
combinations. 
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Now, the present writers had devoted much work to the 
elaboration of something approaching to a theory of grain growth. 
A few outstanding points of this theory, so far unpublished, might 
be given here. 

Theory of Grain Growth._—The very starting point was the following 
assumption—which might be designated as the “axiom of grain 
growth ”’ : 

The migration of a grain boundary depended on the momentary 
state prevailing in the boundary itself. 

Thus, it did not depend on the conditions of the interior of the 
grains, otherwise than in so far as these influenced the properties in 
(or at) the grain boundaries. 

The immediate consequence of this axiom was that knowledge 
of grain growth required a knowledge of the characteristics of 
boundary surfaces in general. 

As for the appearance of boundary surfaces, a strict definition 
was indispensable, and might be expressed in the following way. 

The condition for designating two homogeneous—isotropic or 
anisotropic—portions of a substance as physico-chemically identical 
was that the properties, scalar as well as vectorial, should be 
identical in two points inside the two portions. 

If that were not the case, and the two portions met, a boundary 
surface would appear. That constituted a limit between the two 
portions, and these were designated as grains in the case where the 
substance was anisotropic and possessed a certain solidity. 

Now, the substance immediately adjacent to the boundary 
surface, or the surface layer of a grain, generally possessed properties 
different from those of the interior of the grain. That was an 
immediate consequence—though hitherto scarcely recognised in the 
case of an anisotropic solid substance—of Gibbs’ fundamental 
theory of equilibrium. As a matter of fact, Gibbs had explicitly 
pointed out, that “ there will be in the vicinity of the surface a certain 
positive or negative excess of energy, of entropy, and of each of the com- 
ponent substances.”’ 1 

In other words, the concentration of a dissolved element must 
generally be higher, or lower, in the surface layer (“‘ capillary layer ” 
or “ capillary phase ” *) of a grain than in its interior. This fact, 
theoretically deduced by Gibbs, was equivalent to the for long 
well-known phenomenon of (positive or negative) adsorption, 
studied mainly in liquid solutions. 

It was well known that the solutes which were enriched in the 
surface layer were those which considerably lowered the surface 
tension (Gibbs). ‘ 

To facilitate discussion, substances of this kind, occurring in 
solid solution, were designated as horophile. On the contrary, 
elements showing a lower concentration in the surface layer and 


1 J. W. Gibbs, “‘ Scientific Papers,”’ Vol. I., p. 366. London, 1906. 
2 J. N. Bronsted, ‘‘ Laerebog i fysisk kemi,” p. 427. K6ébenhavn, 1936. 
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exerting a negligible (though increasing) influence on the surface 
tension, were designated as horophobe. 

So far, the theory might be said essentially to repose on the solid 
ground of thermodynamics. The question now arose: what was 
the influence, of interest here, of the higher concentration in the 
surface layer of a grain, exerted by a horophile substance ? 

Supposing, now, the solute to form with the solvent, or with 
other substances (impurities) present, a stable, hard compound 
(i.e., known to be hard when existing as a separate phase), then it 
was natural to conclude that the enrichment would have a certain 
stiffening action on the surface layer. 

This stiffening action closely corresponded to the stiffening or 
stabilising action exerted on the free surface of liquids, well-known 
in colloidal chemistry. Here certain substances were known to 
render the free liquid surface viscous or “ hard,” so as to give an 
especially high stability to foam when formed. 

Accordingly, regarding the boundary between two grains, it 
was natural to assume that the presence of certain horophile sub- 
stances might exert a definite stabilising action on the boundary 
surface, though not being a “free” one but (according to the 
above definition) existing between two grains (of the same substance, 
differently orientated). 

Such a stabilisation of the boundaries would necessarily exert an 
inhibiting action on the displacement of the boundaries. This was 
similar to the obviously inhibiting action of a foreign phase pre- 
cipitated between the grains. In both cases the inhibiting action 
would prevail, or not, at high temperatures, depending on the 
“ refractivity ” or insolubility of the boundary layer. 

Thus, it was by no means necessary for an inhibiting action on 
grain growth that a foreign substance should form a distinct phase, 
acting as a barrier between two grains; a barrier action would result 
already from a capillary enrichment, or adsorption in the boundary 
layer. 
Such an enrichment would naturally cause a decrease of the 
cohesive forces between two adjacent grains, and might thus in- 
fluence the mechanical properties of the material. 

Detailed treatment required the application of principles of 
energy, or of the action of surface tension. As a matter of fact, 
in a pure substance—which, as was known, was very liable to form 
large grains—the driving force of grain growth might be considered 
to be the tendency of the surface energy, as defined by the surface 
tension multiplied by the total boundary area, to become a minimum. 
If a horophile substance was present, lowering the surface tension, 
the tendency for grain growth would evidently decrease, simply 
from a general energy point of view. Besides this, the more 
mechanical stabilising effect treated above might considerably 
increase the stability of the grains. 

Probable Influence of Aluminium.—The theory, of which the 
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essence had thus been given, enabled one now to give an answer to 
the question whether or not it might follow from the figures given 
on p. 483 P that an inhibiting action might be due to dissolved alumin- 
ium per se. 

It followed from the theory that there was actually some reason 
for admitting that aluminium per se might be active, as it might 
behave as a horophile substance, lowering the surface tension of 
the grain boundaries. It appeared, however, rather improbable 
that this action would be a strong one, as no formation of a refractive 
aluminium-iron compound could occur. 

This, on the contrary, would be the case if some impurity were 
present, forming with aluminium a very hard or refractive com- 
pound. As such, oxygen might first be considered, Al,O, being such 
a compound. Its solubility, however, in iron was known to be 
extremely low, so that the enrichment of Al,O, which could take 
place at the boundaries must be assumed to be quite insignificant. 

The next element to be considered was nitrogen. This gave 
a very hard and refractory compound (AIN), which was much more 
soluble in y-iron than was Al,O,. Consequently, there was reason 
to believe that a strong inhibiting influence might be exerted by 
aluminium, though not per se, but particularly in combination with 
nitrogen, generally present. 


Mr. M. J. R. Morris (Massillon, Ohio, U.S.A.) wrote that the 
conditions resulting from the carburising and slow cooling there- 
after of steels intended for carburising applications revealed 
certain characteristics which had assumed the grading of grain 
size. As introduced this revealed very definite processing pro- 
perties, and if the alloying effect were low, then under-quenching 
in spots was very prone to result with that grade called fine or 
abnormal. 

As was general when new observations were made, enthusiasm 
extended the proper bounds, and a superstructure was erected not 
on facts, but on fancy. That had happened with this controlled 
fine-grained steel development. The fact that in the fine-grained 
steels the rate of divorcing was increased, while in the coarse-grained 
steels the reverse held, was in his opinion the outstanding piece of 
information given. This then explained much of what happened 
in heat-treating. The rate of carbon solution was slower in fine- 
grained steels, and the rate of coarsening was therefore reduced. 
Thus were explained the observations made on vanadium steels. 
Further, when saturated steels were involved, this divorcing charac- 
teristic was very pertinent, and the coarsening rate was much 


1 It might be pointed out that if uniformly distributed Al,O,, consequently, 
could not be considered to preserve a fine grain, it might quite well be assumed 
to generate a fine grain, at the transformation point. It was necessary sharply 
to distinguish between the generation and preservation of a fine-grained 
structure. 
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influenced by the presence of vanadium or its equivalent. In 
supersaturated steels the excess carbon played much of this réle. It 
was not complete, however, and the inherent grain size was thought 
to be modified. Nickel steels seemed to support the above, but 
manganese steels did not—again, as the alloy increased the difference 
in properties decreased. 

What caused this great difference in carbide behaviour was not 
clear. Rimming steels had a carbide state associated with fine- 
grained steels. Swedish wrought irons and also vanadium steels 
were always fine-grained, and also the silico-manganese spring 
steels. The two former contained no aluminium, the two latter did. 
It would therefore appear that it was not a single simple factor which 
was the cause of the observations, but rather a critical solubility. 
This seemed to have support. 


Mr. P. ScHAngs, jun. (Youngstown, Ohio, U.S.A.), wrote that the 
information presented by the authors was very interesting and, in 
most cases, agreed very closely with results obtained by the writer. 
However, some statements were made which did not agree with his 
personal observations and opinion. 

The authors stated that there was no reduced hardness pene- 
tration in fine-grained steels. He had done a large amount of work, 
chiefly on water-quenched samples, which showed considerable 
differences in hardness penetration. 

Also, the experiments conducted by the authors indicated that 
the finishing temperature in hot-working had no appreciable effect 
on the grain size as determined by the McQuaid-Ehn test. His work 
and that of other investigators had shown that the finishing 
conditions or previous mechanical or heat treatments could have 
a considerable effect on the grain characteristics. The differences 
were best determined by grain size tests made at various tempera- 
tures. 

In regard to the theory of grain growth, he still held to the theory 
stated briefly in his discussion of the paper presented by McQuaid } 
in the Grain Size Symposium of the American Society for Metals, 
1934. As stated at that time, it was his opinion that grain growth 
control was accomplished by intergranular films, the composition 
of which depended on the composition of the steel. While alumin- 
ium was most commonly used for grain size control, this charac- 
teristic was affected by other factors, such as the alloy and gas 
contents. This theory had been more recently presented in slightly 
different form by Benedicks and Léfquist, of Sweden. 


Mr. C. H. Herry, jun. (Bethlehem, Penna., U.S.A.), wrote that 
knowledge of grain size and its effect on steel had advanced at a 
rapid rate in the past five years in the United States. Steel pro- 
ducers and consumers had come to realise the importance of grain 

1 Transactions of the American Society for Metals, 1934 vol. 22, p. 1017. 
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size and its various effects mentioned by the authors in their most 
interesting paper. 

The authors stated that fine-grained steels had a slightly lower 
maximum stress and yield stress but a higher ductility than coarse- 
grained steel. It was the writer’s experience that when numerous 
tests were considered, no difference could be found in the maximum 
stress and yield stress of coarse- and fine-grained steels, but that 
for a given maximum stress the finer-grained steels did give a 
consistently higher ductility, as stated by the authors. 

Everyone, he believed, would agree with the other findings of 
the authors with respect to the effect of grain size, with the exception 
of one major item, namely, hardness penetration. It was the 
experience of the writer’s laboratories and of other laboratories in the 
United States of America that fine-grained steels were more shallow- 
hardening than coarse-grained steels, and, indeed, the authors’ 
data given on pp. 465 P and 466 P could bear this out to a certain 
extent when the hardness value was plotted against the distance 
from the edge to the centre of the billet. Ifthe authors had reported 
the surface hardness and had chosen a water-quench instead of 
an oil-quench, the results would have been more striking in showing 
the greater depth of hardening of the coarse-grained steel. 

It was well known that if a fine-grained steel were heated so 
that grain growth occurred, the original fine-grained. steel would 
harden to a lesser depth than the coarsened piece. 

In the authors’ discussion of the effect of temperature on grain 
size, stress was placed on grain growth above 925° C. (1697° F.). 
The usual heat-treating operations were carried out at temperatures 
between the upper critical temperature and 925° C., and the grain 
growth characteristics in this temperature range were more im- 
portant than in the range chosen by the authors. Inasmuch as 
the grain size established at the temperature of treatment was that 
which affected the physical properties as described by the authors, 
the grain size at the temperature of treatment was of far more 
importance than the grain size of a piece carburised at 927°C. 
(1700° F.). 

Steels with mixed grain size in the standard carburising 
test were generally fine-grained at the usual heat-treating tem- 


TaBLE B.—Grain Size of Normalised Steels. 

















| | Grains per sq. in at a magnification of 100. | 

Stee No. | Carburising Classification. = eae se } 
| | 843° O. | » 940°C. | 

1 | Coarse Grain 88 | 8 | 

2 Mixed Grain 165 | 80 

3 | Mixed Grain | 200 140 

4 | Fine Grain | 256 | 181 

















PLate LIXs. 





(A) Melt No. 38-H. Carbon 0-47°,,; manganese (12°, ; aluminium 0-082 
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(B) Melt No. 388. Carbon 0-47°,,; manganese 0-153°) ; aluminium 0-071 
Normalised Structures of Induction-Furnace Heats to which Aluminium had _ been 
added; melted and cast (4) in hydrogen, (B) in air 
See Herty’s contribution. 
Correspondence on Swinden and Bolsover 
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peratures. The figures in Table B showed the grain size of four 
steels when normalised at 940° C. (1725° F.) and 848° C. (1550° F.). 

In steels Nos. 2 and 3 the coarsening at 940° C. was due to 
spots of large grains rather than to a uniform coarsening of fine 
grains. At 843°C., Nos. 2, 3 and 4 were all fine-grained, the only 
difference being in the degree of fineness. 

With regard to the authors’ statement that the nuclear theory 
of controlling grain size was untenable, it should be remembered 
that the total amount of Al,O, or metallic aluminium present did 
not necessarily indicate the size of the non-metallic particle, which 
was believed by many to control the grain size. To illustrate the 
fact that both oxygen and aluminium must be present, Fig. O 
(Plate LIXB.) showed the structures of two induction-furnace heats 
normalised at 843° C. (1550° F.). Steel A was melted and cast in 
a hydrogen atmosphere, and 0-10% of aluminium was added just 
before casting. Steel B was melted and cast in air, and again 
0-10% of aluminium was added just before casting. The coarse 
grains resulting from the exclusion of oxygen and the fine grains 
found when oxygen was present before the aluminium addition 
furnished adequate proof that fine grain was not the result of an 
excess of metallic aluminium but of a combination of oxygen and 
aluminium. 


Mr. W. Hearne Jonss (Bethlehem, Pa., U.S.A.) wrote that the 
authors should feel proud of the masterly paper which they had 
presented. It should certainly be well received by both the users 
and the manufacturers of steel alike. 

He supposed that in preparing a paper of any kind for general 
publication and distribution, it was extremely difficult to determine 
what to include and what to omit. His chief criticism on this point 
was that a discussion of the hardness penetration as determined by 
the fracture of a quenched bar after the method described by 
B. F. Shepherd in the Symposium published by the American 
Society of Metals in December 1934, would have been, no doubt, 
extremely enlightening and illustrative to some readers. 

His experience had been that in alloy steels such as those used 
for automobile gears, either of the carburising grades or of the oil- 
hardening grades, the chief effect of grain size, i.e., McQuaid-Ehn 
grain size as it was called, was apparent in machining and in treat- 
ment. In general, he had found that the larger the McQuaid-Ehn 
grain the easier was the machining, but distortion was greater in 
treatment; and the smaller the McQuaid-Ehn grain the more difti- 
cult was the machining, but there was much less distortion on 
treating. The distortion factor was far more serious than the 
machining. 

He had, also, found that in operations involving punching and 
shearing, a coarse McQuaid-Ehn grain was more suitable. 

In carbon steels for applications where distortion was a 
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factor, such as in shear blades and rag knives, a fine-grained steel 
(McQuaid-Ehn grain) was very necessary. 

In carbon steels of thin sections, such as chisels, to insure reason- 
able freedom from cracking, a fine grain was very essential. “The 
following was an example : 

McQuaid- Numberof Number of 
Ehbn 


Chisels Chisels 

Heat. C.% Mn.% P.% 8.%  8i1.% Ni.% Or.% Grain. Cracked. Treated. 
A 0-83 0-45 0-017 0-022 0-17 0-18 0-16 3-4 482 517 
B 0-79 0:22 0-015 0-025 0-13 0-08 0-07 5-6 326 326 
C 0-85 0-17 0-015 0-032 0-17 0:08 0-04 7 1 134 


As indicated above, chisels were forged from bar stock. The treat- 
ment given was as follows : 


Entire chisel : Oil-quenched from 1475° F., tempered at 700° F. 
Points : Brine-quenched from 1425° F. 
Entire chisel : Tempered at 550° F. 


It was interesting to know that the hardness penetration value, as 
determined by the method outlined by Shepherd in his papers, was 
as given in Table C. The number under “ case”’ referred to the 


TABLE C. 


A 1-in, Round. 3-in, Round. 
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| Temperature. ° F. | os 
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fracture of the hardened zone. The number under “ core ”’ referred 
to the fracture of the interior of the bar where the effect of quenching 
had not penetrated. These were obtained by comparison with a set 
of standard fractures (cf. Shepherd’s paper referred to above). 
The numbers under “ penetration ’’ were sixty-fourths of an inch 
of penetration of the effectiveness of the quench. 

Frankly, he was grateful to the authors for their work; the 
compilation of physical properties he would find most useful, and 
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the micrographs of Plate LVILI., especially Figs. 7 and 14, were most 
interesting, because he had not seen in any other place illustrations 
of the normal grain size being restored when again carburised at the 
regular carburising temperature. 





AUTHORS’ REPLY. 


Dr. T. SWINDEN, in reply to the discussion in Diisseldorf, said he 
thought the justification for the publication of the paper was 
provided by Dr. Hatfield’s contribution, because it would seem that 
even now Dr. Hatfield had not realised the first principles of the 
control of grain size. It was a characteristic contribution. He 
would like to say that the authors were very well acquainted with 
Izett steel, and their reference to it was intended to be a courteous 
recognition of the work of the Krupp laboratories in that direction. 

The authors were very happy to leave Dr. Hatfield to draw his 
own conclusions from the work, but it was to be feared from many 
of Dr. Hatfield’s observations that, notwithstanding his disclaimer, 
he had not read the paper very carefully. One point which the 
authors wished to emphasise, at least for English users of steel, was 
the practical fact that here was a method of examining steel which 
could be correlated with certain definite properties in that steel as 
delivered to the user. It was on exactly the same lines as any other 
method of investigation. It was desirable that certain standard 
conditions should be accepted for applying the test, and what the 
authors had endeavoured to show—he hoped, quite convincingly— 
was that, having obtained those data, they could be correlated with 
the properties of the material as delivered to the user. He suggested 
quite definitely that in the absence of controlled grain size for the 
production of fine grain steel, it would be impossible to produce steel 
having the test characteristics reported in the paper. 

The authors had already noted that the tensile strength was 
reduced with fine grain, but he would repeat that the whole theme 
of the paper was the examination of the effect of grain size on one 
and the same cast of steel. They pointed out that the reduction in 
tensile strength could readily be corrected if desired. Moreover, 
with characteristic thoroughness, their German friends had plotted 
the data—it would be found in Stahl und Eisen for Sept. 17, 1936— 
giving the frequency curves for the maximum stress and Izod value, 
which completely met Dr. Hatfield’s point. 

As to the scientific aspects of the matter, the authors had 
deliberately confined themselves in this paper mainly to the practical 
facts, and he thought that that decision had been justified by the 
discussion; one must at least accept the facts before attempting to 
enlarge too much on the theory. They had, however, done a great 
deal of work on that, and at the appropriate time he intended to 








540 p SWINDEN AND BOLSOVER: 


put the data before the Committee on the Heterogeneity of Steel 
Ingots of the Institute. 

He would ask, however, that significant note should be taken 
of the authors’ conclusion that the degree of oxidation was the vital 
factor. Various speakers had referred to the influence of the method 
of manufacture, the behaviour of the steel in the furnace and also 
the final conditions, and it was for that reason that the authors did 
not attempt to give a number of tables showing aluminium additions 
and so on, because, as stated in the paper, they would have been 
quite misleading without a very full cast history of every cast. 
That was why exact figures of aluminium additions were not given ; 
frankly, they would have been meaningless and might easily be 
misleading without the fuller data. 

With regard to the general acceptance of the subject in England, 
it would be interesting to have—and he hoped this would be possible 
in the written discussion—the views of engineers, at least in England, 
on the manner in which controlled grain size steel had been made avail- 
able. Perhaps they would not agree with the story that Dr. Hatfield 
had told. The fact was that after three or four years’ really keen work 
on the subject, the authors were satisfied that controlled grain size 
was something which had serious practical implications, and he felt 
that when the fuller scientific explanation of the subject was 
available it would constitute a very important contribution to the 
subject of the metallurgy and metallography of steel. 

The authors appreciated very fully indeed the contributions of 
Dr. Houdremont and Professor Eilender and the very welcome 
comments by Dr. Waterhouse. They would study these contribu- 
tions very carefully. He would again emphasise, however, that if 
any alteration in the title of the paper were desirable, it would be 
to make it clear that the paper dealt simply with controlled grain 
size in structural steels. That was stated in the paper itself, and he 
hoped it was appreciated, because many of Dr. Houdremont’s obser- 
vations applied essentially to high-carbon steels of the tool-steel 
variety. The authors stated that, so far as the influence of car- 
burising temperature on those particular steels was concerned, the 
conditions laid down by the American Society for Testing Materials 
were suitable and were used with considerable advantage in their 
own practice. 


Dr. T. SwWINDEN, replying to the discussion in London, said that 
Dr. Norbury’s contribution was very interesting. He drew an 
interesting analogy with the nuclei method of grain size control in 
cast iron. It must be pointed out, however, that one cpuld and one 
did obtain those grain size variations in the solid. It was a change 
in the austenitic grain, and it was a little difficult to see how the 
behaviour of two different types of inclusions would account for the 
fact that in one steel one obtained a small grain and in the other a 
large grain when heated to a temperature of only 927° C., unless one 
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assumed that those inclusions had been liquid and migrated at that 
temperature. 

Mr. Dawson referred to this as an American importation. He 
did not want to be too aggressive, but he thought that the reception 
which had been given to that American importation in 1922 had been 
a great disservice to Britain. If a little more attention had been 
paid over here to the real significance of what were then called the 
abnormal and normal steels, we in this country would have gone a 
good deal further on what he still submitted was a matter of funda- 
mental importance in steelmaking. 

There was an appeal—he left it at that—for the steelmaking 
data. The authors meant what they said in the paper. It would 
be perfectly simple to say that to a certain cast 12 oz. of aluminium 
per ton had been added in the ladle or in the mould, but they did 
want to emphasise that that in itself would mean nothing whatever. 
One could make two casts of steel and add the same amount of 
aluminium to each, but the response to the grain size test would be 
entirely different. It would obviously be impossible to include a 
full cast history with each cast which was referred to. The authors 
did, however, intend to revert to this matter in due course when 
dealing at greater length with the theoretical aspects. The point 
which they tried to make—and the information could be applied by 
any intelligent steelmaker—was that the principal factor was the 
degree of deoxidation. 

He could not follow Mr. Dawson’s criticisms of the Izod values. 
Did Mr. Dawson consider that a variation from 15 to 29 in steel A, 
an ordinary coarse-grained 0-39% carbon steel, was abnormal ? 
Personally, he suggested that it was not, and he thought most users 
would agree that such variations were the order of the day with 
coarse-grained steel. He did not consider that the variations in 
the finer grain were abnormal. 

Mr. Dawson quoted the statement on the penultimate page of 
the paper with regard to specifying grain size control. That was an 
endeavour to put the position in very simple language to the engineer. 
They did not ask the engineer to specify grain size; they simply said 
“* Here is an alternative method of obtaining certain tests, and before 
you specify a certain type of steel consider the possibility of obtaining 
that by the application of grain size control to other types of steel.”’ 
The acceptance of any specification must necessarily be left to the 
steelmaker eventually, but it should be recognised that there was 
an alternative to the mere addition of a further quantity of alloying 
element. 

Mr. Whiteley suggested that the paper should be entitled ‘“‘ The 
Effect of Aluminium on Steel.” Incidentally, a number of sug- 
gestions had been made on that point. He did not know why Mr. 
Whiteley made that suggestion. One variable, as the authors had 
tried to emphasise, was the grain size as revealed by a certain 
method of determination; and it must surely be accepted as a 
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statement of fact that if the grain size were determined in a specified 
way, certain differences in physical properties were to be correlated. 

Mr. Whiteley asked whether the authors were in a position to 
make steel of any given grain size. Normally—and this was an 
answer to Dr. Hatfield also—it was possible to control within two 
sizes of grain size—l-3, 2-4 and so on. 


Dr. HATFIELD remarked that that was three sizes. 


Dr. SWINDEN, continuing, said the Americans, as was well known, 
had standardised on coarse and fine grain, up to 5 and above 5. 
The authors had gone a little further than that, and they could 
control—and he gathered that this was confirmed by Mr. Primrose— 
within these limits. There was one point, to which Dr. Hatfield 
referred, on which it was necessary to be clear. The question was 
asked, “‘Can you make any grain size in any steel?’ The most 
elementary knowledge of the subject showed that the answer was 
“No.” It was not possible commercially to produce the very finest 
grain size in the low-carbon dead-soft steels, and it was a physical 
impossibility to obtain the coarsest grain size in the highly alloyed 
steels. That had a bearing on his previous remark about the degree 
of deoxidation being the fundamental thing. He thought the data 
would show that a range of 1-3 inclusive, three numbers, would be 
sufficient to control the essential features of the particular material. 

There were many other points to which he would like to 
refer, but time did not permit. One could only regret that Dr. 
Hatfield persisted in referring to the “doping” of steel with 
aluminium. The point was in fact dealt with fully in the paper 
itself. The authors simply maintained that a careful study of the 
subject of deoxidation, carried out essentially by aluminium as being 
the most readily available and useful element, showed that it did 
bring about a change in the properties of the steel, and the readiest 
way at the moment of indicating that change of properties was by 
a determination of inherent grain size according to a predetermined 
scheme. If that were done, it would be found that it was possible 
to tell on a small sample, made readily available, what test results 
could be obtained on the finished product; and surely that was of 
some importance. 


In a further reply, the AUTHORS wrote that they were deeply 
gratified by the interest aroused, as evidenced by the contributions 
to the discussion and numerous private communications. It was 
impossible to deal at length with each contribution, but an 
endeavour would be made to amplify the verbal replies, and to deal 
briefly with the many interesting points raised subsequently. 

Whilst it was universally recognised that grain size was a factor 
of considerable importance, the authors were confirmed in their view 
that this property, as assessed by the method employed in their 
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work, had not received elsewhere the attention given to it in the 
United States. Nothing that had been said or written in the dis- 
cussion could affect the basic facts given in the paper, and the 
authors had noted with pleasure the appreciation expressed by so 
many contributors. 

Dr. Houdremont’s contribution on the work done in Germany 
was most interesting and welcome. He preferred the quench-and- 
fracture test to determine the temperature at which coarsening of the 
grain commenced. This method had also been used largely in 
Sweden and has a definite relationship to the ‘‘ penetration—fracture ” 
test of Shepherd. The value of this type of test, particularly for 
tool steels, was unquestioned, but the criticism of the Ehn test 
for the lower carbon steels dealt with in the paper was not con- 
vincing. Actual experience did not confirm Dr. Houdremont’s 
fears occasioned by the use of different case-hardening compounds. 
Admittedly the Ehn test employed one temperature (927° C.), which 
was indicative of neither the temperature used in hot manipulation 
nor probably of quenching. To the authors, this appeared to be 
immaterial. The fact was that at some lower temperature both 
“coarse” and “ fine”’ grades might conceivably have (if appro- 
priately manipulated) grain sizes which were not widely different ; 
and, again, it was shown that if both were heated to some high 
temperature—say, 1150° C.—they would have approximately the 
same grain size. But at some intermediate temperature the 
difference in the grain size dimension could very clearly and 
definitely be demonstrated. The arbitrary temperature selected by 
Ehn seemed to the authors to be well suited for this purpose. The 
main theme of the paper was to confirm that this standardised grain 
size test was capable of correlation with outstanding differences in 
the physical properties of the respective steels. Therefore, while 
the authors entirely agreed with Dr. Houdremont as to the value of 
the fracture test in determining the most suitable temperature for 
quenching, and, in fact, practised it themselves quite regularly, it 
was not to be assumed that this more accurately or usefully indicated 
the differences in properties subsequently evidenced in correctly 
treated structural steels. Nevertheless, it was agreed that further 
correlation between the two methods of investigation could usefully 
be undertaken. 

Dr. Houdremont’s further data on the effect of aluminium on 
1% carbon tool steel were very interesting. It was also well known 
that additions of aluminium beyond, say, 0-25% produced 
increasingly large grain size in mild steel. 

Dr. Hatfield’s remarks both in Diisseldorf and in London were 
replied to at the time, but perhaps the foregoing would assist him 
in understanding the basis of the authors’ work in this paper. They 
could only add that the difference between “ doping ’’ with alumin- 
ium for soundness and making controlled grain size steel must be 
self-evident, and reiterate once again that the grain size, as reported, 
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was most definitely reflected in the physical properties of the steel 
when treated under optimum conditions as submitted for service. 

The extensive communication from Professor Eilender was deeply 
appreciated, and this amplification of the importance of grain size 
control merited careful study. The methods by which grain size 
could be controlled by steelmaking conditions, with particular 
reference to the degree of deoxidation, were entirely in accord with 
the authors’ experience. It was regretted that the equivalent 
“inherent ”’ grain size was not quoted for the various steels whose 
properties were so fully reported, but the whole of the results were 
in line with those anticipated for steels having respectively coarse 
and fine inherent grain size. 

The authors believed that a more careful study of the illustrations 
on Plate LVIII. would lead Mr. Whiteley to withdraw his criticism, 
and he was referred to the reply to Dr. Houdremont. 

Mr. Hodgson confirmed the value of fine-grained steel in heat 
treatment. Other contributions provided some additional informa- 
tion as to machinability, and the position seemed to the authors to 

_beas follows. In many types of machining no difference was found, 
but in, say, screw-cutting and high-speed automatic work fine-grained 
steel was not so readily machinable. The user must therefore decide 
after a careful study of tool angles, feeds and speeds whether the 
machinability was such as to be acceptable when accompanied by the 
greater ease of treatment and enhanced physical properties. In any 
case, control of grain size was clearly advisable, as before stated, to 
ensure standardisation of machining conditions. 

The authors thanked Professor Andrew for his very thoughtful 
contribution, particularly his interesting suggestion that the grain 
size might be related to the segregation of iron oxide at the crystal 
boundaries. The authors had not compared the cast structure with 
that obtained on annealing at high temperatures, but, as mentioned 
previously, the satisfactory explanation must disclose why two steels, 
having a similar grain size when heated to 1150°C., had widely 
different grain sizes when subsequently reheated to 927° C. (see Figs. 
6, 7, 13 and 14, Plate LVIII.). The authors did not find any differ- 
ence in the tendency to banding between coarse and fine grained 
steel, and therefore considered it unlikely that larger additions of 
aluminium would eradicate banding. 

The authors welcomed the opportunity provided by Professor 
Andrew’s question to add a word or two about hardness penetration. 
The difference between the large mass of American data, which was 
accepted without question by the authors, and their own lay in the 
quality of the steel, the size of piece and the quenching medium. 
Fine grained tool steel, usually quenched drastically in small masses, 
was definitely “shallow” hardening. The authors’ data showed 
that, on the other hand, this was not to be interpreted as meaning 
that in comparatively large masses of structural steels of the type 
examined, the excellent combination of mechanical tests, as judged 
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by tensile and impact tests, was not maintained in test-pieces cut 
from the centre of the bloom or forging. 

Mr. Primrose made the interesting suggestion of putting the steel 
into a coarse-grained condition to facilitate machining and restoring 
the fine grain by subsequent normalising. The authors thanked him 
for this and for his appreciative remarks. 

Mr. McQuaid, to whose work the authors had already paid 
tribute, contributed a useful synopsis of American experience. The 
comments on depth of hardening were very welcome and were fully 
accepted by the authors. 

The authors thanked Dr. O’Neill for the support contained in his 
contribution. The explanation of the occurrence of “‘ mixed ”’ grain 
size was probably bound up with the question of how and when 
the aluminium was added, but further work was indicated in order 
to provide a complete answer. Incidentally the work of Grove (see 
p. 480 P) bore on this point. It was particularly interesting to note 
Mr. Wilson’s view that in the United States, the better mechanical 
properties of fine-grained steel were considered to be secondary to 
the economy achieved in heat treatment and uniformity of product. 

The authors thanked Mr. T. Henry Turner for his appreciative 
remarks. 

Messrs. Perrin and Jolivet, whose work on deoxidation was so 
well known, accepted in principle the importance of grain size 
control, but quoted certain exceptional cases. It was at once 
agreed that these might be variants which might outweigh the 
differences normally capable of direct correlation with grain size, 
but the authors had never failed to get the desired response of the 
mechanical properties to grain size control. 

The authors had taken very careful note of the useful suggestions 
contained in the contribution from Mr. Phragmén, for which they 
were grateful, as they were also for the appreciative notes from 
Colonel Belaiew and Professor Chevenard. 

Note was also taken of the suggestion made by Mr. Dickson 
Hannah for further work on fine-grained case-hardened steel under 
alternating stresses. 

The reply already given to Dr. Houdremont largely covered the 
criticism of Mr. Burns, but his point was fully appreciated. 

The definition of ‘‘ body ” given by Professor Benedicks and 
Mr. Léfquist was in accord with the authors’ views, and the extensive 
treatment of the theory involved had been read with deep interest. 
This would be referred to later. 

Mr. Morris emphasised the fact that in fine-grained steel the rate 
of pearlite divorce was increased, and vice versa—a fact which 
incidentally was well illustrated in this paper. The authors believed 
that this had a very important bearing on the physical properties, 
but the degree of divorcement and the solubility rate of the carbide 
did not in themselves necessarily provide a fundamental explanation 
of coarse- and fine-grained steel. 
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These contributions from the United States, from men with wide 
experience of the subject, were particularly welcome, and the one 
from Mr. Schane, jun., was no exception. The question of hardness 
penetration had already been dealt with, and it was hoped that the 
reply answered Mr. Schane’s point. _ As to the effect of finishing 
conditions, &c., it was readily agreed that the actual grain size of 
the finished product was affected thereby, as already stated, but 
with regard to the inherent grain size, the authors’ experience was 
not in line with that of Mr. Schane. 

The communication from Mr. Herty, jun., was particularly 
appreciated. The only exception to agreement with the authors 
related to hardness penetration, and had already been dealt with, 
as had also his proposal to consider other temperatures for car- 
burising. The authors were very deeply interested in Mr. Herty’s 
experiments, which certainly appeared to prove that both oxygen 
and aluminium must be present to provide fine grain. They pro- 
posed to follow up this line of research, and meantime they would be 
grateful for information on the “ inherent ”’ grain size of these two 
steels. 

Mr. Hearne Jones, again writing with wide experience, emphasised 
the importance of fine grain in reducing heat-treatment troubles. 
His emphasis on the value of the Shepherd method of examining tool 
steels was fully appreciated by the authors. 

In conclusion, the authors wished to thank the several con- 
tributors for their interesting views as to the theory underlying the 
facts disclosed, particularly as no attempt was made to deal at length 
with this aspect of the matter in the paper. Considerations of space 
prevented a critical reply to all these views. Very briefly, it would 
seem that Dr. Houdremont, Dr. Norbury, Mr. Hultgren, Mr. Herty, 
and Professor Eilender favoured the nuclear theory, although the 
latter emphasised the importance of the degree of deoxidation. 
Doubts on the nuclear theory were expressed by Mr. McQuaid, 
Messrs. Perrin and Jolivet, Mr. Phragmén, Colonel Belaiew, and 
others. Professor Chevenard did not accept either the “ nuclear ’’ or 
the ‘‘ excess aluminium ”’ theory, and supported the view that the 
degree of deoxidation was of primary importance. Professor 
Benedicks and Mr. Léfquist, Professor Andrew, and Mr. Schane 
emphasised the importance of a study of the grain-boundaries, and 
suggested that the addition of aluminium resulted in the inhibition 
of grain-growth by its effect on the boundaries. Messrs. Perrin and 
Jolivet regarded the ‘“ total influence of the addition” to be of 
greater importance than a mere variation in grain size. The main 
fact emerging was that there was no completely acceptable hypo- 
thesis, and the authors fully agreed with Mr. McQuaid and others 
that further experimental work was necessary. That a full and 
satisfactory hypothesis should be found was, beyond question, a 
matter of considerable importance. 
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THE CONSTITUTION OF BLAST-FURNACE 
SLAGS IN RELATION TO THE MANU- 
FACTURE OF PIG IRON.* 


By T. P. COLCLOUGH (Lonpoy). 


SUMMARY. 


The paper deals with the constitution of blast-furnace slags, the 
changes in constitution and properties of the slag arising from 
variations of the alumina content and the basicity ratio, and offers an 
explanation for the difficulties encountered in the smelting of certain 
British iron ores, and particularly those which carry a relatively high 
ratio of alumina to silica, when smelted in accordance with the rules 
of burdening accepted in common practice. 

The view is advanced that the blast-furnace operation should be 
based on the principle of attaining the maximum rate of production 
of iron per unit of capacity, with the minimum coke consumption, and 
the corresponding lower operating costs. The theoretical and practical 
considerations necessary to attain this objective are discussed, and a 
new principle of burdening is suggested. 

It is recommended that, no matter what quality of ore and/or 
coke is to be smelted, the burden should be arranged so that the 
slag formed approaches as nearly as possible to that of minimum 
melting point and minimum viscosity for the given alumina content, 
and that for this purpose the ratio of lime to silica in the burden shall 
be varied according to the alumina content of the slag formed. The 
limiting values of the basicity ratio to be preferred are indicated. 

It has been proved that the difficulties normally encountered with 
slags outside the normal range of 14 to 18% alumina can be success- 
fully overcome, and examples are given of the results to be obtained 
in practice from the application of this new principle. 


ALTHOUGH in recent years the position of the British iron and steel 
manufacturers in their home market appears to have been more 
adequately safeguarded, it is recognised that if their participation in 
the markets of the world is to be efficiently maintained, no effort 
must be spared to reduce the cost of production of iron and steel. 

Apart from the economies to be effected by the rationalisation 
of the industry, the elimination of wasteful competition, and the 
concentration of production in integrated and efficient units, the 
most effective method for the development of the industry must lie 
in an increased use of the natural resources which are still available 
in the country, and which forma more certain and secure basis for low- 
cost production than imported materials. 

The manufacturing costs depend primarily on the cost of the 
ores used in the production of the pig iron which must form the basis 
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of the industry, and therefore an increasing proportion of the steel 
production of Great Britain must be made from iron manufactured 
from the reserves of native ores, which can be secured at lower cost 
than imported foreign ores. 

It is now well known that there are, still unworked, great reserves 
of ironstone in the Midlands which are available for this purpose. 
Much of this ore is similar in many respects to the Minette ores 
which form the basis of the great industries of Belgium, Luxem- 
burg, and Lorraine. Apart from the outcrops of this ore body, 
comparatively little use has been made of this ore for the manu- 
facture of basic iron for steel-making purposes, on account of the 
high proportion of alumina to silica, and the study of these ores has 
received far less attention than their value merits. 

This may have its origin in the prejudice which has been commonly 
held against their use, arising from the difficulties which have been 
experienced in the efforts made to smelt them, particularly when 
used alone, for the production of basic iron. These difficulties are 
due, first to the composition of the ores, and secondly to the fact 
that the blast-furnace is commonly required to perform functions 
for which it is not designed, and which can be carried out with 
greater ease and at less cost apart from the blast-furnace operation. 

It is well known that when a blast-furnace, used for the smelting 
of ores of this type, is burdened in accordance with common practice 
in Great Britain when making basic iron, the slags formed are high 
in alumina and lime, and of a very refractory character. As a result, 
the normal blast-furnace practice with these ores has been to work 
with a high hearth temperature, necessary to melt the slag formed 
from the mixture of ore and limestone used, in accordance with the 
principles of blast-furnace burdening commonly adopted. This 
has only been possible at the expense of a high coke consumption, 
and the high hearth temperatures have provided conditions which, 
while suitable for the manufacture of foundry iron, have made the 
manufacture of basic iron of low silicon content very difficult. It 
has, in fact, been commonly accepted that such ores are unsuitable 
for the manufacture of basic iron, except in limited proportion in 
admixture with other ores. This opinion has arisen from a failure 
to provide the necessary conditions for the correct method of 
operation. 

It has now been proved that Northamptonshire ores can be 
successfully smelted, and the cost of manufacture of pig iron, of 
both foundry and low-silicon quality, considerably reduced, prov ided 
that the blast-furnace operation is based on an entirely new prin- 
ciple. In this principle, the blast-furnace is regarded solely as the 
means of smelting iron ores to produce pig iron, of the desired 
specification as regards silicon, phosphorus, and manganese, under 
the most suitable and economic conditions. It is recognised that 
the blast-furnace operation is an unsuitable and inefficient method 
for the elimination of sulphur, and no regard is paid to the sulphur 
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content of the iron, any excess sulphur over and above that required 
to meet specifications being removed by subsequent treatment. 


PREPARATION OF ORE. 


It will be agreed that the prime function of a blast-furnace is to 
produce pig iron from ore at the maximum rate of production and at 
the lowest possible cost. It is commonly accepted that the rate of 
production of a blast-furnace is a direct function of the amount of 
coke consumed per hour in the hearth, and that to secure the maxi- 
mum production of iron with the minimum coke consumption, the 
coke must be used only for the purpose of melting and superheating 
the slag and metal. In other words, the maximum efficiency of the 
furnace can be attained only if the iron ore arrives at the combustion 
zone in a completely reduced condition, and with the whole of the 
reduced ore and slag-forming constituents heated throughout to 
their melting temperature. The whole of the preheating of the 
stock to melting temperature must be carried out by the sensible 
heat of the waste gases in the stack. One of the main difficulties in 
the smelting of these aluminous ores, and the unduly high coke 
consumptions found in practice, has arisen from the failure to observe 
these conditions. 

In the first place, these aluminous ores are in general of the 
carbonate type, and, while easily reducible, have a relatively high 
heat demand for their decomposition, as compared with ores of the 
hematite type. 

Secondly, the ores, which lie relatively close to the surface of 
the ground, are mainly won by open-cast methods, and to meet the 
large tonnage demand, and for reasons of economy, there has been a 
marked development of large-capacity mechanical diggers for 
mining them. ‘The use of these diggers has led to the loading of the 
ore in larger and larger pieces, until in many cases the size of the ore 
charged to the blast-furnace is limited only by the opening of the 
furnace bell or the equipment for charging the furnace. 

With the normal size of furnace of small capacity, which is com- 
mon in Great Britain, it is impossible for the heat of the waste 
gases, in their passage up the furnace stack, to penetrate to the 
centre of these large masses of ore. As a result, the large pieces of 
ore arrive at the tuyere zone with their central zones still unheated 
and undecomposed, and thereby increase to a marked extent the 
heat demand which must be provided by the combustion of solid 
coke. This has led to an increase of the coke consumption, and is 
one reason for the excessively high tuyere zone temperatures, 
which made difficult, if not impossible, the manufacture of low-silicon 
iron. 

One method adopted to alleviate this difficulty has been to calcine 
a portion of the ore charged to the furnace. This was of benefit 
in two directions. In the first place, by the decomposition of the 
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carbonate the heat demand in the furnace stack is decreased,-and 
secondly, the heating and reduction of the ore are accelerated by the 
increased porosity of the calcined ore. This method is, however, 
wasteful because of the cost, the loss in flue dust which arises from 
the high proportion of fines which are produced in the calcining 
operation, and last, but not least, the inefficiency of the calcination 
of the large pieces of ore as mined by the large mechanical diggers. 

The first essential for the economical smelting of these ores, as 
indeed for any iron ores, is that the capacity and design of the 
furnace and the size of the pieces of ore charged shall be such that 
the process of heating, decomposition, and reduction of the ore 
shall be completed before the ores reach the melting zone. To meet 
these conditions the ore must be crushed and graded prior to charging, 
and the lines and capacity of the furnace should be designed specially 
to deal with the type and size of ore to be smelted. Without the 
correct design of furnace and the preliminary preparation of the 
ores, the inherent difficulties in the manufacture of basic iron, 
especially iron of low silicon content, from these ores by the normal 
practice become almost insurmountable. 


HEARTH CONDITIONS FOR FREE OPERATION. 


The rate of production of a blast-furnace is dependent upon the 
speed at which the coke is burnt at the tuyeres, and to obtain the 
maximum speed of operation and smooth running of the furnace 
the conditions must be such as to give every possible facility for the 
combustion of the coke. To attain this condition, it is essential 
that nothing but coke shall reach the tuyere zone in the solid state, 
so that the incoming air blast shall have the maximum contact and 
freedom of movement among the pieces of coke without the inter- 
ference of intermingled pieces of solid ore or lime. This implies 
that the whole of the melting operation must be completed in a 
zone some distance above the tuyere zone, and that the slag and 
iron shall drop freely in liquid form through the combustion zone. 

Unless these conditions are obtained it is impossible for the fur- 
nace to operate satisfactorily. If the rapid, free intermingling of 
coke and air blast is impaired, the pressure of air blast required rises, 
the rate of combustion is lowered, the hearth temperature falls, 
the rate of production of iron is decreased, and the coke consumption 
rises. Also, if unmelted slag reaches the combustion zone, it is 
inevitable that some part of it will pass still unmelted through the 
tuyere zone, and, with unreduced ore, will pass into the slag and lead 
to the production of iron of inferior quality. This condition also 
gives rise to the formation of scaffolds on the bosh ewalls and ac- 
cretions in the hearth, with their associated troubles and difficulties. 

If the tuyere zone is to be kept free from solid slag-forming 
materials, the slag must have a melting point well below the tem- 
perature of the combustion zone, so that the melting operation may 
be completed by the sensible heat of the products of combustion. 
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It has been estimated by Korevaar‘? and others that the temper- 
ature of the combustion zone in the blast-furnace is about 1450° C. 
(2650° F.), subject to modification by varying temperatures of the 
hot blast. For smooth operation, the burden of the furnace must be 
arranged to give a slag with a melting point well below 1450° C., 
and the economics of the smelting of aluminous ores will depend 
upon the possibility of arranging a burden to meet these conditions. 

In studying this problem it is desirable to have a clear conception 
of the constitution of the slags which are formed, and of the effect 
which varying proportions of the different constituents have on the 
properties of the slags, and particularly with reference to the 
temperature at which they become fluid and free running. 


CONSTITUTION OF BLAST-FURNACE SLAGS. 


Since the four more important oxides—silica, alumina, lime, and 
magnesia—constitute well over 90% of blast-furnace slag, attention 
will be confined to these constituents only, and the presence of the 
other oxides of iron, manganese and the alkali metals, and the 
sulphide and phosphate of lime will be regarded as accidental. In 
all the subsequent discussions the sulphur will be calculated as sul- 
phide of manganese and of lime, the CaO required for this being 
deducted from the total lime in the slag. The four principal oxides 
are then calculated to give a total of 100%. 

As a result of the extensive researches of American and Con- 
tinental workers, it is now possible to obtain a clear picture of the 
constitution of any slag made from a mixture of the four oxides— 
silica, alumina, lime, and magnesia—and to predict within fairly 
close limits the properties and characteristics of a slag of any specified 
composition. 

For many years there has been considerable discussion as to 
whether the various oxides, which form the slag, exist in the liquid 
slag as simple oxides or as the mineral constituents which have been 
proved to be present in the slag after solidification. The work of 
Rankin and Wright ® has shown that the melting points of mixtures 
of lime, silica, and alumina in the range of compositions found in 
blast-furnace slags are typical, not of simple mixtures of these 
oxides, but of mixtures of eutectic-forming compounds or minerals. 

The researches of McCaffery and his co-workers on the viscosity 
of such mixtures of lime, silica, alumina, and magnesia, at tem- 
peratures well above their melting points—say, at 1600° C. (2900° F.) 
—show that at these elevated temperatures the slags behave, in 
general, in a manner similar to simple solutions, the changes in 
viscosity with change of composition being relatively small. 

At lower temperatures, however, and while still liquid, the oxide 
mixtures develop properties which show that the slag is no longer a 
simple solution, but is composed of different constituents. On further 
cooling to the solidifying stage, it is found from the thermal data of 
the freezing process, viscosity determinations, and examination of 
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the solid slag, that the slag does not solidify as a simple solution 
of the oxides, but that the oxides group themselves or combine 
together to form minerals of definite composition and properties. 
The melting point of a slag and its physical properties in the tem- 
perature range of 50° to 100° C. above the melting range are definitely 
determined by the characteristics and proportions of these mineral 
constituents, and not merely by the proportion of the oxides 
themselves. 

Further, the temperature at which the mixture of slag-forming 
materials will begin to melt, the composition of the liquid slag at 
any particular temperature or position in the bosh, the temperature 
at which melting is complete, the degree of superheat in the slag 
when passing through the combustion zone, and the viscosity of the 
slag—all these factors will be determined, not by the proportions 
of the oxides as such, but rather by the characteristics and proportion 
of the mineral constituents formed by these oxides when present in 
the proportions under consideration. 

In preparing the burden of the blast-furnace, it is, therefore, 
necessary to base the calculations not on any fixed ratio of basic and 
acid oxides, but to modify this ratio in accordance with the com- 
position and proportions of the minerals which will be formed in the 
furnace, and for this purpose it is desirable to examine the nature 
and properties of the minerals and of their mixtures which may be 
formed in the slags under consideration. 

Mineral Constituents of Blast-Furnace Slags.—The work of McCaf- 
fery ® has shown that the four oxides, silica, alumina, lime, and 
magnesia, may, when taken alone or in mixtures, form a total of 
twenty-two different minerals, each possessing a definite chemical 
composition and physical characteristics. 

A number of these minerals or compounds are formed only in 
mixtures of the four oxides which have compositions outside the 
range of blast-furnace slags, and at this stage attention can be 
confined to those mineral constituents which are to be expected in 


slags which lie within the limited range of composition found in 


ordinary practice with coke-fired blast-furnaces. 

The mineral constituents which can be formed in this range of 
oxide mixtures are seven in number. In any particular slag, the 
lime and silica may combine to form one or two of the three silicates 
of lime, namely, the ortho- or monosilicate, 2CaO.SiO,, the sesqui- 
silicate, 3CaO.2SiO,, and the bisilicate, CaO.SiO,. 

The alumina and magnesia, in this range of composition, are 
never to be found in combination together or as binary compounds 
with lime or silica, but in every case each of these two,oxides forms 
a ternary constituent which contains both lime and silica. The 
alumina may form one or both of the lime aluminosilicates, anorthite, 
CaO.Al,0.2Si0,, or gehlinite, 2CaO.Al,0,.8i0,. Which of these 
two minerals is formed, and their relative proportions when both 
are present together, are determined by the relative proportions of 
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lime and silica available for combination with the alumina. Viewed 
from the usual standpoint of basic and acid constituents of the slag 
mixture, it will be seen that both of these minerals may be regarded 
as bisilicates of lime, and that the molecule of alumina acts as a base 
in anorthite by replacing one molecule of lime, and as an acid in 
gehlenite by replacing one molecule of silica. 

The magnesia also may form one or both of the two mineral 
constituents, akermanite, 2CaO.MgO.2Si0O,, and monticellite, 
CaO.MgO.SiO,. Both of these minerals are ternary compounds and 
contain equimolecular proportions of lime and silica. They may 
be regarded from two different standpoints. On the one hand, these 
minerals may both be considered as bisilicates of lime with different 
amounts of magnesia, or, if magnesia is regarded purely as a base, 
the akermanite may be regarded as corresponding to the sesqui- 
silicate, 3CaO.2SiO,, in which one molecule of CaO is replaced by 
MgO, and the monticellite as corresponding to the ortho- or mono- 
silicate, 2CaO.Si0,. 

The composition and approximate melting points of these minerals 
are given in Table I. 


TABLE I.—Composition of Minerals Formed in Blast- 





Furnace Slags. 


Analysis, 





Ratio Ratio Melting 


Mineral. Composition. 2 | nan larn |Ca0+MgO | CaO Point. 
| | SiO,. | A1,0,.| CaO. | MgO. |—— | ae °Q, 
hae ¢ io 5 SiO, | SiO, 
| i # | o- | o* o* 
Calcium ortho- | | | } 
silicate. . | 20a0.Si0, 34-88 | 65-12 oo | 1-87 1-87 | Over 1700 
Oalcium — ses- | H | 
quisilicate . | 3Ca0.2Si0, 41-66 | coe =| 58°34]... 1-40 1-40 | 1700 
Calcium bi- | | 
silicate.  . | CaO.SiO, }51:72| ... | 48-28] ... 0-93 0-93 | About 1530 
Anorthite . |0a0.Al,0,.2SiO, | 43-19 | 36-65 | 20-16... 0-47 0-47 | About 1540 
Gehlinite . |20a0.A1,0,.Si0, | 21-91 | 37-18 | 40-91 |... 1-87 1-87 | About 1580 
Akermanite 20a0.MgO.2Si0, | 44-07 | | 41-14 | 14-79 1-27 0-93 | 1350-1400 
77 | 1-60 0-93 | About 1500 


Monticellite . |CaO.MgO.SiO, ‘aes ee =| 35°84 | 25 


These seven minerals are the only possible constituents to be 
found in blast-furnace slags over a relatively wide range of com- 
position, and in order to form an estimate of the properties of a 
given slag and its behaviour in the furnace, it is necessary to know 
which of these minerals will be formed, and the proportions in which 
they will occur. 

The work of McCaffery “ and others has shown that four only of 
these seven minerals can be present in any one slag, and his published 
researches “ give in detail the methods to be adopted for the simple 
determination of the identity and proportions of the minerals to be 
found. 

The possible combinations which are to be expected in blast- 
furnace slags have been extracted from this work, and are set forth 
in Table II., while the range of compositions covered by these 
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combinations with different contents of magnesia is depicted in 
Figs. 1 to 3. 


TABLE I1.—WMineral Constituents of Blast-Furnace Slags. 


Normal Combinations. 








Mineral. 
1 2 3. 5 

| Akermanite . ‘ . et i, a 
| Anorthite. ; ; ; ° * 
| Gehlinite 4 ; : ; eee Are ales 6 ee 

Monticellite . . : ‘ * 4 

Calcium orthosilicate . , > 
| Calcium sequisilicate  . - . . 
| Calcium bisilicate . : : * * 


Several points of interest arise from a study of the diagrams and 
Tables. 

All the minerals studied contain both silica and lime, but the 
proportions in which the basic oxides are present vary in most of 







60€ KO, 


? 














Naan 
AS 20% 5:0, 
. Ng 2 ‘ 
Ky ; af ? f A é . 
S { + 4 yp g 


Fie. 1.—Constitutional Diagram of Quaternary Mixtures of lime, silica, and 
alumina with 0% magnesia. (McCaffery and others, American Institute 
of Mining and Metallurgical Engineers, 1931, Technical Publication No. 

383.) 
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the minerals. The basicity of a blast-furnace slag is usually taken 
as the ratio of the sum of the percentages of the basic oxides, lime 
and magnesia, to the percentage of the acid oxide, silica, and in 
calculating the limestone additions to be made in the burden the 
value of this ratio aimed at is taken as about 1-4. It will be seen 
from Table I., that the use of this value of 1-4 is purely empirical, 
since only one mineral—calcium sesquisilicate—contains the basic 
and acid oxides in the proportion conforming to this value. 

Each of the areas 1 to 5 shown in Figs. 1 to 3 represents a range 
of compositions within which the slag consists of four definite 








Fig. 2.—Constitutional Diagram of Quaternary Mixtures of lime, silica, and 
alumina with 5% magnesia. (McCaffery and others, American Institute 
of Mining and Metallurgical Engineers, 1931, Technical Publication 
No. 383.) 


mineral compounds. Within each of the areas the properties of the 
slag will be determined by the relative proportions of these minerals, 
and within the limits of any particular field or area small variations 
of composition may be expected to produce a corresponding small 
change of the physical properties of the slag. 

On the other hand, in those zones which occur near the boundaries 
of the various areas, a slight change in the composition of the slag 
will mean a change in its mineral constitution, and the properties 
of the new slag, being determined by the mixture of these new 
minerals, may be in marked contrast with those of the original 
minerals. In this event the properties of the slag may show a 
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sudden and marked change. Relatively small changes of com- 
position in certain ranges may produce disproportionate and 
unexpected changes in the properties of the slag. 

For example, take a slag of common composition, containing 
5% MgO and 20% Al,O,—these being calculated on the basis that 
the proportions of CaO, MgO, SiO,, and Al,O, of the slag total 
100%, the minor constituents being ignored. The change of mineral 
constituents of this slag produced by slight variations of basicity, 
made by varying the ratio of lime to silica but keeping the Al,O, 
and MgO constant, is given in Table III. 


TABLE III.—Change of Mineral Constitution of Slag of 5% MgO, 
20% Al,O, with Slight Variations of CaO Content. 

















Ca0O. %:| 35 | 88 | 40 41 | 42 | 43 | 43-4 | 44-0 

Si0,, %:| 40 ao a 3 3% 32 | 31-6 | 31-0 | 30- 
Akermanite. % . ; . | 33-8 | 33-8 | 33-8 | 33-8 | 33-8 | 33-8 | 
Gehlinite. %° . ‘ . | 21-2 | 35-3 | 44-8 53-8 | 53-8 | 53-8 | 53- 
Anorthite. %  . . - | 33-1 | 18-7 9-1 as T Re ove o- 
Oalcium bisilicate. % . - | 11-9 | 12-1 | 12-3 1:5 | - | ee i 
Calcium sesquisilicate, °% ae ita age 1 10:9 | 73 eh 
Calcium orthosilicate. %%, : bis See om bas oak ane 5-1 | 12-4 | 18-4 | 
Monticellite. % ‘ ‘de = pes vs was due 8-0 | 


Ratio (Ca0+MgO)/SiO,. . | 1-0 | 1-:16| 1-28] 1-35/ 1-42/ 1-5 | 154] 1-58 
Viscosity at 1400° 0. (poises). | 18 | 15 14 14 15 |18 {20 |25 | 40 
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This Table shows that with any mixture of the four oxides 
containing 5% of MgO and 20% of Al,O3, and with CaO and SiO, 
in the proportions necessary to give a basicity of less than 1-35, 
the slag formed lies within area 1 of Fig. 2, and is made up of the 
four minerals akermanite, gehlinite, anorthite, and calcium bisilicate. 
As the basicity is increased from 1-0 to 1-40, the akermanite 
(2 CaO.MgO.2Si0,) and the bisilicate (CaO.SiO,) remain practically 
constant, but the anorthite (CaO.Al,0,.2Si0,) is gradually replaced 
by an increasing quantity of gehlinite (2Ca0.Al,0,.Si0,). This 
replacement of silica by lime also results in a gradual slow fall of the 
viscosity of the slag at 1400° C. in this range. 

When the CaO and SiO, are in such proportions that the basicity 
lies between 1-35 and 1-50, the slag composition passes from area | 
to area 3 of Fig. 2; the anorthite disappears and the proportion of 
bisilicate decreases, these being replaced by the mineral calcium 
sesquioxide (3Ca0.2Si0,). This change of constitution has little 
effect on the viscosity of the slag, which at 1400° C. has a value of 
14 to 18 poises. With a CaO to SiO, ratio of 1-5 to 1-6 the slag 
composition lies in area 5, the whole of the bisilicate disappears, 
the excess CaO forms the highly basic calcium orthosilicate 
(2CaO.SiO,), and the viscosity begins to increase rapidly. 

With a basicity of over 1-6, the composition lies in area 4, and 
the slag consists of a decreasing amount of akermanite, with increas- 
ing amounts of monticellite (CaO.MgO.SiO,) and calcium orthosilicate, 
and the slag at 1400° C. becomes highly viscous. 

The character and constitution of the slag are entirely changed by 
a comparatively small change of composition and basicity. Whilst, 
in the range from 35 to 42% CaO, any alteration of CaO produces 
relatively little variation in the properties of the slag, yet a 
change of 1% of CaO between 42 and 45% is accompanied 
by changes in slag properties of an entirely different order and 
importance. 

Influence of Alumina on Blast-Furnace Slags—It has been 
generally accepted, as a result of wide experience, that to keep a 
blast-furnace in smooth operation the ratio of lime and magnesia to 
siliea should be maintained at about 1-4, and the alumina content of 
the slag should preferably be between the limits of 15 and 18%. 
Considerable practical difficulties have been found in the operation of 
the furnace with this basicity of slag whenever the alumina content 
falls below 12% or exceeds 20%, especially when low-silicon iron 
must be produced. 

The reasons for these difficulties, and a method for overcoming 
them, can best be sought in a study of the compositions of these 
slags. Table IV. shows the changes in constitution which occur in 
slags of constant basicity of 1-4 containing 5% of MgO, and with the 
alumina content varying from 0 to 30%. 

From Table IV. it will be seen that the change in alumina content 
over this range brings about a complete change in the mineral 
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constitution of the slag, and there is also a corresponding marked 
change in the physical properties of the slag. 


TaBLE 1V.—Effect of Alumina on the Constitution of Blast-Furnace 
Slag. 
With 5% MgO and constant basicity of 1-4. 








Alumina Content. 




















0%. | 5%. | 10%. | 15%. | 20%. | 25%. | 30%. 
o.. = ; ; . | 41-7 | 39-6 | 37-5 | 35-4 | 33-3 | 31-2 | 29-1 
|; CaO. %G , ‘ ‘ . 53-3 | 50-4 | 47-5 | 44-6 | 41-7 | 38-8 35-9 
MgO. % . ; . 50) 50) 50; 50 5:0) 50, 50 
Akermanite. % . ‘ . | 33-8 | 33-8 | 33-8 | 33-8 | 33-8 | 31-0 e 
Monticellite. % . : Bo re ie ay Be Bee 1-6 | 19-9 
| Gehlinite. % , : . | es | 134 | 26-9 | 40-3 | 52-8 | 57-3 | 61-0 
Anorthite. %  . ; a ae os at 1-0 | 10-1 | 19-1 
| Calcium bisilicate. % .  duanes ee 3-4 8-9 | 12-4 
| Calcium sesquisilicate. % . | 54:8 | 49-6 | 35-9 | 17-0 
| Calcium orthosilicate. % . (| 114) 3-2) ... =# 














| Viscosity at 1400° C. (poises). | 75 | 30 | 20 | 12 | 15 25 | 40 | 


The slags of normal composition, with 15-18% of Al,O,, are 
made up of a solid solution of akermanite and gehlinite, which in 
turn forms a eutectiferous series of mixtures with both the bisilicate 
and sesquisilicate of lime. These mixtures of 1-4 basicity and with 
15-18% Al,O, approximate to the eutectic composition, and are 
therefore of low melting range, being completely fluid and free run- 
ning at 1400° C. (2550° F.). Melting completely well above the 
combustion zone of the furnace, slags of this composition give a 
free combustion zone and smooth operation. 

As the Al,O, content of the slag falls below about 12% there is a 
progressive fall in the proportion of the akermanite-gehlinite solid 
solution, and a growing tendency for the formation of the high melt- 
ing-point sesquisilicate and orthosilicate of lime. With no alumina 
in the slag, the slag of 1-4 basicity is completely infusible at 1400° C. 
and can only be melted in the combustion zone itself. Under such 
conditions it has been found impossible to operate the furnace with 
low hearth temperatures. 

Similarly, as the Al,O, content rises from 18 to 20% the melting 
point of the slag again rises, owing to an increase in the proportion 
of the high melting-point constituent gehlinite, and a decrease of 
the fluxing elements, the silicates. With 25°/, Al,O, there is a further 
increase of the gehlinite and the bisilicate is replaced by anorthite. 
At 30% of Al,O, the gehlinite reaches its maximum proportion, 
although the melting point of the slag containing a high proportion 
of this mineral is lowered to some degree by the presence of the 
eutectic-forming constituents anorthite and monticellite. 
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Slags of this basicity, containing from 20 to 30% of Al,O,, 
have melting points in the neighbourhood of 1450° C. and under 
normal conditions melt only on reaching the tuyere zone, and are 
therefore unsuitable for the production of basic iron. 

It has been found in practice that such slags can be melted, and 
the furnaces operated smoothly, only if the hearth temperature 
is raised above the normal by operating with a low ratio of ore to 
coke. Under these conditions the production of iron is at a low rate, 
and the coke consumption and operating costs are relatively high. 
Further, with the high hearth temperatures which must be carried 
to ensure the complete melting of the slag, there is a marked tendency 
for the reduction of silica from the slag, and the iron is high in silicon. 
The iron produced under these conditions must be of foundry quality. 

As a result, when operating with slags which contain between 
20 and 30%, of alumina and a basicity approximating to the usual 
value of 1-4, the ores of this class have been used almost entirely 
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Fie. 4.—Variation of Quality of Pig Iron in ordinary practice. 


for the manufacture of foundry iron, and have been found to give 
iron of very good quality. The rate of production has, however, 
been low and the coke consumption relatively high. Typical data 
for this practice are given later. 

To produce basic iron, the ratio of ore to coke must be increased 
and the furnace must be operated with a lower hearth temperature 
to decrease the tendency for the reduction of silica to silicon. When- 
ever the hearth temperature is thus lowered, with a burden consisting 
of these high aluminous ores alone and with a basicity of 1-4, the 
fusion zone is invariably lowered until it approaches the combustion 
zone. The furnace begins to form scaffolds and to stick, the pressure 
rises and the iron goes off grade. While basic iron can be made for a 
short period, the hearth temperature must again be raised to restore 
free working conditions, and the iron rises in silicon content and is 
again off-grade for this reason. Under these conditions the furnace 
operates in cycles, alternately hot and cold, the production fluctuates, 
and the quality of the iron is very variable. A typical example of 
the results which may be expected and are obtained in the operation 
of a furnace under these conditions is shown in Fig. 4, giving the 
daily record of a furnace over a period of four weeks. It has been 
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found exceedingly difficult, if not impossible, to operate the blast- 
furnace smoothly for the production of basic iron on a burden of 1-4 
basicity when using ores of this high alumina content alone. 

In most cases the difficulty has been overcome by mixing the 
highly aluminous ores with other ores possessing a more favourable 
ratio of alumina to silica, in such proportions as will reduce the 
alumina content of the slag to within the 15-18% range. The use 
of these added ores, in some cases imported from abroad, has almost 
invariably resulted in increased costs of production, due to the 
freight charges involved in the assembly of the ores required. 

To secure the maximum economy in production, and especially 
on the ore fields themselves, the only logical solution of the difficulties 
experienced would appear to lie in arriving at a burden which will 
enable iron of basic quality to be produced when using only the loca 
ores irrespective of their ratio of silica to alumina. 


MANUFACTURE OF IRON FROM ORES OF HicH ALUMINA/SILICA 
RATIO. 


It is clear, from the study of the slag constitution, that the 
difficulties in smelting these ores arise from the excessive proportion 
of the mineral gehlinite, and so long as this constituent forms more 
than about 50% of the slag, it is impracticable to maintain a regular 
satisfactory operation of the furnace on iron of low-silicon quality. 
If basic iron is to be produced from ores of this type, steps must be 
taken to prevent the formation of an excessive amount of the 
gehlinite constituent. 

As stated previously, the Al,O, in the slag may form two minerals, 
gehlinite (2Ca0.A1,0,.Si0,) and anorthite (CaOQ.Al,05.2Si0,). In 
each case the mineral contains about 37°, of Al,O,, but the ratio 
of CaO to SiO, varies from 1-87 in gehlinite to 0-47 in anorthite. 
The determining factor as to which of these two minerals is formed, 
or their relative proportion when both are present together, lies in 
the ratio of the CaO and SiO, contents of the slag. If the basicity 
is high, there is a tendency to form gehlinite; if the basicity is low, 
then the tendency is towards the formation of anorthite. Both of 
these minerals have high melting points, and each, when present 
alone in high proportions, forms slags of so refractory a character as 
to be unsuitable for blast-furnace operation. 

The well-known diagram of Rankin and Wright, previously 
quoted, on the ternary system CaOQ-Al,0,-SiO,, part of which is 
given in Fig. 5, shows, however, that these two minerals gehlinite 
and anorthite form a eutectiferous series of mixtures, with a eutectic 
which contains approximately equal parts of each constituent and 
has a melting point of 1380° C. (2515° F.). Further, these two 
minerals together also form a ternary eutectiferous series of mixtures 
with calcium bisilicate, with a ternary eutectic of melting point 
1265° C. (2310° F.), containing approximately 55%, of the silicate 
and equal proportions of the two alumina minerals. 
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It follows, therefore, that the high alumina content of a slag may 
not of necessity lead to a high melting point, provided that the 
alumina is present as a mixture of the two minerals gehlinite and 
anorthite. It would appear that the relative proportions of these 
two constituents and the melting point of the slag may be regulated 
by varying the basicity, or ratio of lime to silica in the burden, and 
that the most satisfactory conditions would be attained by a slag 

















SLUIV/MA % 
Fic. 5.—Ternary Diagram of System CaO-SiO,-Al,0,;. (Rankin and Wright, 
American Journal of Science, 1915, vol. 49, p. 40.) 


basicity which would lead to these two minerals being formed in 
approximately equal or eutectic proportions. 

To test this theory, observations were carried out on a blast- 
furnace operating on a pure Northamptonshire ore burden. Every 
precaution was taken to secure uniform conditions in the supply of 
raw materials and operation, and samples of the slags formed were 
examined for analysis and melting point. 

In the first series of tests, the additions of limestone to the 
burden were such as to give a basicity as near as practicable to the 
commonly accepted ratio af 1-4 to 1, and the alumina contents were 
varied. 
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Details of the slags formed are given in Table V., the analyses 
being calculated on the basis that the four main oxides total 100%. 


TaBLE V.—Slags of Constant Basicity and Varying 
Alumina Content. 





Slag: A, B. C. 
| Analysis : 
| Sid, % 33-6 31-9 31-8 
| Al,O;. % 19-7 22-9 25-0 
CaO. % 40-2 39-7 37-6 
| MgO. % : 6:5 5-5 5:6 
, (CaO + MgO) 
2 SB hed 36 42 ; 
Basicity SiO, 1-39 1-4 1-36 
| Slag constitution: 
| Akermanite. % 44-0 37-2 25:3 
| Gehlinite. % 48-1 55-0 53-0 
| Anorthite. % - 5-0 6-7 14-5 
| Calcium bisilicate. % 2-9 3-1 7-2* 
a 1420 1437 1434 
} 


Freezing point. 


* Monticellite. 
These tests showed clearly that the slags with a basicity ratio 
of about 1-4, and which contain a high proportion of gehlinite, were 
of too high a melting point to give satisfactory conditions for the 


production of low-silicon iron. 
In further tests, the limestone additions to the burden werereduced 
and the slags, for purposes of comparison, are tabulated in Table VI. 


TaBLE VI.—Slags of Similar Alumina Content and Varying 





Basicity. 
Slag: A. D. C E. 

Analysis : 

Sid,, % . 33-6 38:8 31-8 36:1 

Al,O;. % . 19-7 19-1 25-0 25-0 

CaO. G% 40-2 37-0 37-6 34-2 

MgO. % 6-5 5-1 5-6 4-7 
| Basicity : 

O 
se 1-39 1-08 1-36 1-08 
SiO, 
CaO/SiO, 1-20 0-95 1-18 0-95 
Slag constitution : 

Akermanite. % 44-0 34:5 25-3 31-8 

Gehlinite. % : 48-1 27-6 53-0 34:8 
| Anorthite. % . 5-0 24-1 14-5 * 32-9 
| Calcium bisilicate. % 2-9 13-8 7-2* 0-5 
| Freezing point. ° C. 1420 1360 1434 1300 

and | 
1275 


* Monticellite. 
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Comparing slags A and D, which have substantially the same 
alumina contents, slag A with its normal basicity of 1-39 contains 
48%, of gehlinite and a high freezing point of 1420° C., compared 
with slag D, which, with a basicity of 1-08, contains roughly equal 
proportions of anorthite and gehlinite. The freezing curve of this 
slag shows a much lower freezing range than that of slag A, freezing 
beginning at 1360° C. with completion at 1275° C.—the eutectic 
point of gehlinite, anorthite, and the bisilicate. The lower basicity 
gives a slag of lower melting range and free running properties. 

Similar considerations hold in regard to slags C and EF, which 
have the high alumina content of 25%. Slag C with a basicity of 
1-36 and a high proportion of gehlinite has a freezing point of 
1434° C., compared with that of 1300° C. in slag EZ with a basicity 
of 1-08, and equal distribution of the alumina between gehlinite 
and anorthite. Again, the lower basicity gives a slag of low freez- 
ing range and free running properties, in spite of the high alumina 
contents. 

These tests offer conclusive evidence that the melting point of 
the slag, irrespective of its alumina content, can be varied within 
wide limits, and, if it is desired to form the slag of minimum melting 
point, the alumina must be divided roughly in equal proportions 
between the two constituents gehlinite and anorthite. Under this 
condition the slag will consist of the following minerals : 


Akermanite : : : - 2CaO.Mg0O.2Si0, 
or Monticellite : : , . CaO.MgO.SiO, 
Gehlinite . : ; : -  2Ca0.Al,0,.Si0, 
Anorthite . ‘ ‘ i . CaO.Al,0;.2Si0, 
Calcium bisilicate : - - CaO.SiO, 


Since the anorthite and gehlinite are present in equal proportions, 
it follows that, to form the slag of minimum melting point, the CaO 
and SiO, must be present in equimolecular proportions, or that the 
ratio of CaO to SiO,, by weight, must be 0-93 to 1-0. Even with 
Al,O, contents up to 30%, the whole range of slags which contain 
CaO and SiO, in this ratio will exhibit melting points below 1400° C. 
(2550° F.), and will therefore be completely fusible well above the 
tuyere zone of a blast-furnace operating with the low hearth tempera- 
tures necessary for the manufacture of low-silicon or basic Bessemer 
iron. 

In the case of Northamptonshire ores, such as those at Corby, 
which yield a slag with a natural content of about 4°% of MgO, the 
slags of miminum melting point will be formed with a basicity, as 
commonly expressed in terms of the (CaO + MgO)/SiO, ratio, of 
about 1-04 to 1, or roughly unity. 

These practical tests are in agreement with the theoretical 
conclusions to be derived from the data of Rankin and Wright, and 
throw some light on the problem of the melting process. Although 
a complete statement of the mechanism of the formation of a blast- 
furnace slag from the complex mixture of oxides in its passage down 
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the bosh must present considerable difficulty, yet the fundamental 
principles involved can now be outlined in fairly simple terms. 
Confining attention to the silica, lime, and alumina, it seems fairly 
clear that, with a burden containing over 18° of alumina and a 
ratio of lime to silica between 1-28 and 0-72, the slag will first com- 
mence to form at a temperature of about 1265° C. (2310° F.). This 
first-formed slag will be the ternary eutectic of anorthite, gehlinite, 
and calcium bisilicate, and contain approximately 41-5°% of SiO,, 
385% of CaO, and 20% of Al,O,, the ratio of CaO to SiO, being 
0-93. 

As the mixture of liquid slag and still solid materials passes 
down the bosh to zones of higher and higher temperature, the liquid 
slag will dissolve more of the solid oxides. 

If the lime/silica ratio in the burden is 0-93, the still solid oxides 
will dissolve in the proportions of the gehlinite—anorthite eutectic, 
and the whole of the slag-forming materials will be completely 
melted at a temperature well below 1400° C., even with Al,O, 
contents up to 35%. 

If, however, the lime/silica ratio is higher than 0-93, lime will 
be dissolved or melted more rapidly than either silica or alumina, 
the oxides melting in approximately the proportions of the gehlinite/ 
calcium-bisilicate eutectic, and considerably higher temperatures 
up to 1500° C. (2730° F.) will be required to give complete melting 
of the slag. If, from any cause, the temperature of the tuyere zone 
fails to attain, or falls below, this critical temperature of, say, 
1500° C., the slag will be incompletely melted, accretions or scaffolds 
will be formed on the walls of the hearth and bosh, the pressure will 
rise, and the volume of wind blown will tend to fall off, accentuating 
the trouble. The furnace operation will be slowed down and the 
iron will go off grade. The deposits on the wall will consist mainly 
of gehlinite, and in order to ensure smooth operation on burdens 
containing over 18° of Al,O, the lime/silica ratio should be main- 
tained as near the 0-9 value as possible. 

Considerations of Slag Viscosity.—While slags with a basicity of 
unity have the lowest possible melting points, irrespective of the 
alumina content, it may be found that this ratio of lime to silica 
is not the most favourable for blast-furnace operation, and regard 
should be paid to the viscosity of the slag at the temperature pre- 
vailing in the furnace hearth and bosh. 

The researches of McCaffery and his co-workers“ have shown 
that anorthite has a much higher viscosity than gehlinite, and there- 
fore the free-running property of the slag is impaired by an undue 
proportion of the anorthite constituent. It may not, be necessary 
to operate the blast-furnace on the basis of the slag with the lowest 
possible melting point, and, provided that the slag is fusible at or 
below 1400° C., the best results in practice will be obtained with the 
slag which is most fluid at that temperature. From a study of the 
iso-viscosity curves of McCaffery for slags of 59% MgO at 1400° C. 
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(shown in Fig. 6), it is found that, in general, for slags of the same 
Al,O, content, the viscosity is decreased by the replacement of the 
orthosilicate by the sesquisilicate, and still further by the change to 
bisilicate of lime which results from a reduction of the CaO-to-SiO, 
ratio to the point where the slag becomes so acid that the gehlinite 
is replaced by anorthite. With further reductions of the pro- 
portion of CaO, the viscosity rises again, but at a much slower rate. 







50% SILICA 






EXYXG | 
RXV 


30% SILICA 





Fig. 6.—Iso-viscosity Curves of Mixtures of lime, silica, and alumina with 5% 
magnesia. (McCaffery and others, American Institute of Mining and 
Metallurgical Engineers, 1931, Technical Publication No. 383, p. 59.) 


For each Al,O, content there is a definite composition of minimum 
viscosity, and the variation in the composition of the slag of mini- 
mum viscosity with increase of Al,O, is shown in Table VII. for 
slags with a uniform content of 5° of MgO. 

Several important deductions can be drawn from these viscosity 
data of McCaffery. In the first place, they supply a scientific 
explanation for the basicity value of about 1-4 which has been 
arrived at by long experience when operating on slags within the 
range of 15-18% Al,O, formed with ores of normal composition. 
With this basicity ratio, the slags formed are not far removed from 
that of minimum viscosity at 1400° C. for slags of this alumina range, 
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and the high melting point which would be anticipated from the 
increasing proportion of gehlinite is lowered by the presence of the 
eutectic-forming minerals calcium bisilicate in the range of 15-18% 
Al,0,, and to a less degree by anorthite in the 20% Al,O, slag. 

It is clear, however, that this common basicity ratio of 1-4 
cannot be applied over the full range, and if the lime additions to 
the burden are calculated on this value for slags outside the limited 
range of 15-20% Al,O., the resulting slags formed will have melting 
points and viscosities far too high for smooth and economical 
operation of the furnace. 














TaBLE VII.—Composition of Slags of Minimum Viscosity at 1400° C. 
Alumina variable; MgO content 5%. 
Alumina Content of Slag. 
5%. | 10%. | 15%. | 18%. | 20%. | 25%. |29-5%.| 35%. 
Analysis : 
Si0,. % ; . |44 40 37 34:7 | 34 33 33 32 
CaO. % ‘ . 46 45 43 42-3 (41 37 32°5 | 28 
MgO. % ‘ > Le 5 5 5 5 5 5 5 
Basicity Ratio : 
i ad . | 116) 1-25; 1-80} 1-36, 1-35! 1-27/ 1-13) 1-03 
2 
CaO /SiO, : : 1-05; 1-12} 1-17; 1-22} 1-21} 1-12) 0-98 0-88 
Constitution : 
| Akermanite. % . 338 | 33-8 | 33-8 | 33-8 | 33-8 | 30-7 os 
Monticellite. % ss« we au = .. | 1-8 | 20-0 
Anorthite. %. son drawn donee | coe |b 1107 1980 
Gehlinite. % . . 13-5 | 26-9 | 40-3 | 48-4 | 49-5 | 48-8 | 44-0 
Calcium bisilicate. % 46:5 | 28-2 |14-9 17-8 12:3 ao 


Calcium sesquisili- 


cate. % . - | 62 {11-1 | 11-0 
Viscosity at 1400°C. 
|  (poises) : - | 565 |] 65 | 9-0 | 12 14 23 25 28 


Table VII. shows in a striking manner the change in the action 
of Al,O, in the formation of blast-furnace slags. In the range of 
15-20% Al,O, the alumina may be regarded as a neutral constituent 
in calculating the basicity of the slag. With alumina contents 
below 15%, the CaO and MgO contents of the slags of minimum 
viscosity remain practically constant at 50°, and any reduction 
of the Al,O, content of the slag must be balanced ,by the same 
increase of SiO, to maintain the full fluidity and fusibility of the 
slag. Below 15% alumina the Al,O, content of the slags acts as an 
acid constituent, and the ratio of lime to silica must be decreased pro- 
gressively from 1-17 to unity as the Al,O, falls from 15% to zero. 
In this range of slags, and particularly those which contain below 
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10% Al,O., the melting point and viscosity of the slag are affected 
to a marked degree by slight deviations from the correct basicity 
ratio. A slight increase of the CaO content at the expense of SiO, 
brings about a large increase in the proportion of calcium sesqui- 
silicate formed in the slag, and both the melting point and viscosity 
rise rapidly, the limits of practical operation of the furnace at normal 
hearth temperatures being reached with a maximum of about 47%, 
CaO in a 10% Al,O, slag and 48% CaO with 5% Al,O,. This 
furnishes a reason for the high SiO, content and low basicity ratios 
which have been found essential for the smooth operation of charcoal- 
fired furnaces. 

When the Al,O, content of a slag rises above 20%, its action as 
judged from the standpoint of basicity completely changes. With 
the increase of Al,O, from 20 to 35%, the slags of minimum viscosity 
again show a progressive fall in the basicity ratio, the SiO, content 
remains practically constant at about 33%, and any increase of 
Al,O, must be counteracted by a reduction of the lime content of 
the burden. In this range, to secure the formation of free-running 
slags the Al,O, in excess of about 20°, must be regarded as a basic 
constituent, because in order to maintain the fusibility and fluidity 
of the slag, the excess Al,O, must be combined in the form of the 
mineral anorthite (CaO.Al,0,.2Si0,), and not as the highly basic 
mineral gehlinite (2CaOQ.Al,0,.Si0,). To secure this, the SiO, 
content of a slag with over 20% Al,O, should never fall below 30%. 
Slight increases in the lime content and basicity of these slags 
decrease the proportion of the fluxing minerals anorthite and 
calcium bisilicate, increase the proportion of gehlinite and ortho- 
silicates, and produce a rapid rise in both the melting point and 
viscosity of the slag, the limit of practical operation of the blast- 
furnace at normal hearth temperatures being reached with a maxi- 
mum of 41% of CaO with 25% Al,0,, and 36% of CaO with 30% of 
Al,O, in slags of 5°/, MgO content. 

It follows from these considerations that it is impossible to apply 
a constant value for the basicity ratio to slags irrespective of the 
Al,O, content, but that the value adopted must be dependent upon 
the percentage of alumina in the slag. The change in the basicity 
value with variation of the alumina content to give slags of maximum 
fluidity at 1400° C. is shown in Fig. 7. 

Finally, it must be noted that, even with the slags of minimum 
viscosity for each alumina content, there is a continuous rise in the 
viscosity value as the alumina content increases, and therefore 
within the range of 20-30%, Al,O, it becomes increasingly important 
that the correct proportion of CaO to SiO, shall be applied to establish 
the optimum working conditions in the furnace. 

Effect of Magnesia.—In the ordinary range of blast-furnace 
slag compositions, magnesia forms two minerals, akermanite 
(2CaO.MgO.2Si0,) and monticellite (CaO.MgO.Si0O,). Both of 
these minerals are ternary compounds of lime and silica with the 
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magnesia, and in both the lime and silica are present in equimolecular 
proportions. 

Akermanite is formed in slags containing low alumina and low 
magnesia contents, and the tendency for the magnesia to combine 
with lime and silica to form monticellite rather than akermanite 
increases as the alumina or magnesia content of the slag increases. 

Akermanite has been shown by Buddington to form a com- 
plete series of solid solutions with gehlinite. The presence of 
akermanite in the slag, therefore, brings about a lowering of the 
freezing point, and also lowers the viscosity of the slag at any given 
temperature. On the other hand, monticellite forms eutectiferous 
mixtures with the other mineral constituents of the slag, and has a 
more marked effect than akermanite in lowering the melting point 
and viscosity of the slag in the blast-furnace ranges of composition. 

Table VIII. gives a comparison of the analyses and viscosities of 
the slags of minimum viscosity with either 5 or 10% MgO and vary- 
ing aluimina content. It will be noted that with slags containing 
up to 20% of Al,O, an increase of the MgO from 5 to 10% has 
practically no effect on the ratio of lime to silica in the slag of 
minimum viscosity, and the addition of magnesia must be dis- 
regarded in calculating the limestone additions to the burden. In 
the range of slags containing over 20° of Al,O,, however, the MgO 
exerts a definite fluxing action, and the proportion of MgO present 
must be taken into account. 


TaBLE VIII.—Slags of Minimum Viscosity. Effect of Addition 





of Magnesia. 

[ | Slag containing 59% MgO. Slag containing 10% MgO. 

| Alumina 

Content. Ptr at pink ai ae a , | ry :j 

| %:+ | SiO, | Oad. ‘eS CaO | Viscosity.| SiO, | Oad. | CaO _ | Viscosity. 

| % | % ‘| BD, | Poises. %. | %. | SiO, | Poises. 

f | | ] 

| Oo | 48 | 46 0:96 4:5 46 | 44 0:96 | 2:5 

| 5 | 44 | 46 1-05 55 | 42 | 43 102 | 35 
10 | 40 | 465 1-12 | 65 | 38 | 42 1-10 4:5 
15 | 37 43 | 1:17 | 90 | 35 40 | 1-14 | 60 
20 34 | 4!1 1-21 | 14-0 32 38 1-19 75 

| 26 33 37 | 1:12 | 23-0 32 33 1-03 8-0 

| 30 33 32 0-98 | 25-0 32 28 0-87 7-0 


This Table also shows that the chief effect of the addition of 
magnesia to the slag is to increase the fluidity at a given temperature, 
and this applies particularly to the slags with alumina contents 
above 20%. In cases where the slags contain over 20% Al,O, and 
low-cost supplies of magnesian limestone are available, it may 
therefore be advantageous to use this material as a fluxing agent in 
the burden. 

Correlation of Melting Point and Viscosity Factors—From the 
above considerations it will be seen that the ratio of lime to silica 
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which gives the slag of lowest melting point may not provide the 
conditions for the slag of minimum viscosity. While the minimum 
melting point is attained when the ratio of lime to silica is slightly 
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TABLE IX. 





Ratio of Lime to Silica. 





Alumina 
Content of Slag. - a sale 
asi Maximum. Minimum. 
5 1-05 0-85 
10 1-10 0-875 
15 1-15 0:90 
20 1-125 0-85 
25 1-050 0-80 
30 0-95 0-75 


below unity, irrespective of the alumina content, this ratio must 
be varied in accordance with the alumina content to form the slag 
of minimum viscosity. These optimum ratios are shown together 


in Fig. 7. 
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To attain the best results in practice a compromise must be 
made between these two factors, and the burden arranged to give 
a basicity ratio intermediate between the two values. The limits 
for the ratio of lime to silica for varying alumina contents of the 
slag, in accordance with these principles, are given in Table IX., 
and illustrated in Fig. 8. 


SUMMARY OF THEORETICAL CONSIDERATIONS. 


The above considerations may be briefly summarised as follows : 

To give the optimum conditions for the smooth working and 
economical operation of a blast-furnace, the burden should be 
arranged so that the slag formed has a melting point not exceeding 
1400° C. (2550° F.) and preferably a practical operating maximum 
of 1375° C. (2500° F.). 

The difficulties which have been experienced in the manufacture 
of basic iron of low silicon content from ores having a high ratio of 
alumina to silica have arisen from charging the furnace with a 
mixture of ore and limestone which formed slags of melting points 
which exceed this practical working limit. This high melting point 
is the result of the formation in the slag of excessive amounts of the 
mineral constituent gehlinite or of the orthosilicate of lime. 

The proportion of these undesirable constituents formed in the 
slag can be controlled by a suitable modification of the lime additions 
to the burden. 

The factor of 1-4 which is normally adopted for the basicity of 
slags which contain from 15 to 18° of alumina cannot be applied 
outside this limited range of alumina content. 

In order to form slags which shall have free-running properties 
and melt at a suitable distance above the combustion zone in the 
furnace, the lime content of the slag must be varied progressively 
as the alumina content rises above or falls below a mean value of 
about 17%. To attain this object the basicity factor or ratio of 
lime to silica must be decreased progressively from the value of 
1-15 for a slag of 18% Al,O, to approximately 1-0 for slags of 5°%, 
or of 30%, Al,O,—these percentages being based on the calculated 
values with the SiO,, Al,O,, CaO, and MgO contents totalling 100%. 


PRACTICAL APPLICATIONS. 


The deductions just outlined have been applied in practice. 
Typical data showing the variation experienced in the production 
of basic iron from Northamptonshire ores have already been given 
in Fig. 4 to illustrate the results obtained when the calculation of 
the burden was based on the basicity ratio commonfy adopted for 
slags of normal alumina content. 

A thorough examination was made of the ore deposits, to deter- 
mine the possibility of assembling a mixture of the local ores avail- 
able which would yield slags within the normal working range of 
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alumina content. Experiments were also made on the lines 
commonly adopted of diluting the alumina content by increasing 
the slag volume by the addition of siliceous materials to the burden. 
None of these attempts yielded the desired economic results. 

It was decided to base the manufacture of pig iron on the local 
ores alone and according to the principles outlined above. In the 
old practice, from one-third to the whole of the ore was calcined 
prior to charging, and this was applied specially to the carbonate 
type of ore, only the weathered or hydrated ore being charged in the 
raw state. The calcination of the ore has been discontinued, and 


TABLE X.—Foundry Iron Practice. High Alumina Slags. 








33% Calcined _| Crushed and Graded 
jens Northants. Raw Northants, 
sid 67% Brown both Brown and 
Northants. Carbonate Ore. 
Basicity of slag : 
(CaO + MgO)/SiO, . 5 : cel 1-40 1-21 
CaO/SiO, ‘ ‘ ; : 1-28 1-06 
Average iron inore. %. . : ; 35 31 
Production per day. Tons . : ‘ 152-8 176 
Limestone. Lb. . 2 : Al 515 74 
Coke consumption. Lb. , . 3170 2620 
Flue dustloss. Lb. . : : 160 85 
Iron analysis : 
Silicon. % . ; : 3:17 2-9 to 3-6 
Sulphur. % . : : 0-020 0-010 
Phosphorus. % ; ; ; 1-77 1-80 
Manganese. of” . j 0:30 0-28 
Slag analysis (calculated to total 100% Bie 
3i0,. % é; ; 31-0 32-5 
aD. % . 25-4 28-2 
CaO. % : ; é 39-6 34-6 
MgO. o%, . : 5 ‘ 4-0 4-7 
CaS. % ; 5-40 5-62 
s 4% ; ; ; ; ‘ 2-40 2-50 


the whole of the ore is charged raw into the furnace. To ensure 
complete reduction and preheating of the ore in the stack, the ore 
was crushed and graded, the screened sizes being charged separately 
from the fines. Finally, in opposition to the usual practice of seek- 
ing to improve the fluidity of the slag and the smoothness of opera- 
tion by raising the hearth temperature by additions of lime and 
increasing the coke ratio, the slag was made more siliceous by re- 
ducing the lime additions, and the coke ratio was decreased by 
increasing the ratio of ore to coke. No change was made in the 
furnace itself or in the auxiliary equipment of stoves and blowing 
plant. 

The operating results fully confirmed the theoretical deductions. 
With the furnace engaged on the manufacture of foundry iron 








572 P COLCLOUGH : CONSTITUTION OF BLAST-FURNACE 


the lime content of the slag was reduced from 40 to 35%, and the 
alumina content rose from 25 to 28%. The rate of production rose 
from 153 tons per day to 176 tons per day, an increase of 15%, 
while the coke consumption fell from 3170 lb. to 2620 lb. per ton of 
iron, a decrease of 17%. “Details of the operation are shown in 
Table X. 

In the manufacture of low-silicon iron the results are even more 
striking. With a furnace specially designed for operation on this 





TABL Comparative Production Data in Manufacture of Low- 


Silicon Iron sine Ores of High Alumina /Silica Ratio. 





Si0,. Al,O;,. CaO. s. P. Fe, Moisture 
Average analysis of ores : 0+  % Yas %: = Ys %+ %- | 
Carbonate . . 755 600 13:6 037 O06 31:4 13 
Brown- weathered . . 105 7-9 35 0:05 0-65 33-2 13 
| Type of Slag: . : . | Slag of normal basi- | Slag of low basicity. 
| city. 
| Ores used : . - | 100% crushed and | 100% crushed and 
graded local and | graded local and | 
manganese. | manganese and 
basic slag. 
Slag analysis (calculated to | 
total 100%) : 
SiO, % . , 30-9 | 33-6 
Al,O, % . ; ; 22-1 26-0 
ino. % =. : : 40-0 | 35-7 
MgO. % . ma 7-0 | 4:7 | 
(S.) % " , aa (1-42) (1-80) 
Iron analysis : | | 
Silicon. %. : ‘ 0-55 0-6 
Sulphur. % : ; 0-05 0-13 
Phosphorus. % a 1-85 2-00 
Manganese. % ‘ 1-42 1-4 
| Basicity of slag | 
| (CaO + MBO) [Si ‘ 1-51 | 20 
Ca0/SiO ; ea 1-29 1-06 
| Iron made ‘ie day. Tons 238 288 
Limestone additions. Lb. 1120 50 
| Coke consumption. Lb. . 2875 2425 
Blast pressure. Lb. . 17-3 14-4 
Blast temperature. °F. . 1210 | 1120 





class of ore, and with the ore crushed and graded to the sizes neces- 
sary for its complete preheating and reduction before reaching the 
melting zone, Table XI. shows the change in practice effected by 
the application of the new principle of burdening the furnace. 

No change was made in the class or preparation of the ore used, 
the only variation being in the amount of lime additions. It will 
be seen that the production was raised by 21% and the coke con- 
sumption showed a reduction of 450 lb., or over 15%. Ina second, 


, 
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slightly larger, furnace working with additions of scrap to bring the 
iron content of the burden to 35%, and again operating with a true 
slag of 33-5% SiO,, 25-9% Al,O,, 36-0%, CaO, and 4-6°% MgO, or a 
ratio of CaO to S10, of 1-08 to 1-0, the production of low-silicon 
iron averaged 376 tons per day on a coke consumption of 2130 lb. 
per ton of iron. 

The most important feature of the practice based on this principle 
is the regularity of operation, with its lower blast pressure, freedom 
from scaffolding, and uniformity of composition of the iron. The 
main result of these investigations has been to prove that the view 
commonly held, that the vast resources of the British ores which 
have a relatively high ratio of alumina to silica content are unsuitable 
for the manufacture of basic iron unless mixed with other ores, is 
unfounded. Provided the correct methods of operation and design 
of equipment are adopted, these ores can be successfully and 
economically smelted, without additions of imported or of other 
British ores, for the production of pig iron of either foundry or 
low-silicon quality. 
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DISCUSSION. 


This paper was presented for discussion at the Additional Meeting held in 
London on Thursday, October 29, 1936. 


Mr. R. A. Hackrne (Rotherham) said he was sure that all those 
interested in the operation of blast-furnaces, and particularly those 
making low-silicon irons, would like to express their thanks to the 
author for drawing attention to the very important question of slag 
viscosity. At first sight it might be thought that the paper was 
intended to show how to burden a basic furnace to make large 
tonnages of off-grade iron, but he could give the assurance that a 
thorough study of the data was well worth while. 

It was well established that attainment of an adequate “ peak ” 
temperature in the combustion zone of a blast-furnace—i.e., the 
qualitative rather than the quantitative value of the heat units 
supplied—was one of the most important factors—if not the most 
important factor—for successful operation—hence Johnson’s theory 
of critical temperature, which even thirty years ago was defined as 
being, or approximating to, the free-running temperature of the 
slag. The author’s exposition of the principles involved in easing 
this critical requirement, by the rational arrangement of the physical 
constitution of the slag in the direction of maximum fluidity, would, 
he was sure, commend itself to every blast-furnace operator. 

He had had the privilege several years ago of working in close 
association with the author, and he would probably recall an 
interesting problem in connection with a foundry furnace which 
had for many years given excellent results on 3-5°% silicon foundry 
irons. A 13% silicon iron was required for a new centrifugal casting 
process, but when the furnace was burdened to give that product 
it refused to drive even reasonably well; it was hanging and slipping 
all the time. Several attempts were made to get it to drive, but all 
failed. The trouble was referred to the author and himself, and was 
eventually traced to high alumina slags of about 23-24%. All the 
available raw materials were reviewed in regard to the alumina /silica 
ratio, and also evaluated according to a formula which they evolved 
to express, as accurately as was possible at that time, their value 
from the economic point of view. Several alternative burdening 
schemes based on a slag of 15-16°/, alumina were offered to the firm 
concerned; one was selected; the furnace immediately responded, 
and a substantial reduction in costs, amounting to several shillings 
per ton, was immediately effected. 

Looking back on that and similar problems, oné might be in- 
clined to jump to the conclusion that the easy way out—+.e., retreat 
within the “ safe’ range of 15-18°,, alumina—had been adopted. 
At the same time, it should be remembered that in the example 
quoted the sulphur requirements were very rigid, and any iron 
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which was off-grade in this regard was destined for an already 
enormously-swollen stock-heap, if not for remelting. 

The same conditions applied in some degree to many producers 
of basic iron. Operators making basic iron for sale were allowed 
very little latitude in regard to sulphur content, and anything of 
the order quoted by the author later in the paper was well outside 
the range. The same thing applied, in a degree dependent on the 
temperament of the open-hearth manager, to those furnaces supply- 
ing molten metal direct or via an inactive or semi-active mixer. In 
such cases the chemical—.e., the desulphurising—properties of the 
slag had to be borne in mind in the arrangement of the burdening 
scheme, and the application of the principle of maximum fluidity 
expounded by the author was therefore subject to very serious 
limitations. 

On the penultimate page of the paper, the author admitted the 
presence of 0-13°%, of sulphur in the low-silicon iron produced with 
slag of low basicity. It might be mentioned that the conditions at 
Corby were definitely favourable to “ sailing near the wind ”’ and 
producing very low-silicon and fairly high-sulphur iron as a matter 
of routine, inasmuch as they had a crushed and graded burden and 
new furnaces designed expressly for that purpose. He did not 
know whether they had suction water on the tuyeres, coolers, &c., 
but where that was the case one could with more confidence operate 
with a relatively cool hearth and slags of low basicity. 

He would like to ask the author, however, how often the sulphur 
content exceeded 0-2°%. Further, it would be very interesting to 
learn how much of the economy resulting from reduced coke and 
limestone consumption, increased output, &c., was absorbed by the 
cost of make-up manganese units, mixer feed and other items in- 
volved by the corrective treatment necessary to fit the iron for steel- 
making purposes. He did not doubt that the author could make 
out an excellent case in that regard, and he thought that such data 
would form an interesting supplement to the paper. 

On p. 555 Pp the author referred to the ratio of 1-4 to 1 which was 
commonly used in calculating the limestone requirements of a 
furnace, and mentioned that it was a purely empirical value, since 
only one of the compounds formed—calcium sesquisilicate— 
approximated to that value. Personally, he did not agree with that ; 
after all, using the author’s own principle of maximum fluidity, 
one should aim not at the peaks or maxima representing actual 
compounds, but rather at the troughs representing eutectics. 

With regard to the melting point data published in the paper, 
it seemed rather singular that the figures relative to McCaffery’s 
synthetic slags—quaternary mixtures of lime, silica, and alumina 
with 5°, of magnesia—were very close to the figures determined by 
actual experiment at Corby. He would like to ask the author 
whether the figures determined at Corby referred to actual blast- 
furnace slags or to synthetic quaternary mixtures. If the former, 
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it seemed to him very curious that the MnO, FeO, calcium sulphide, 
&c., had no appreciable effect on the melting point; one would 
expect them to lower it substantially. 

At the bottom of p. 564 P and the top of p. 565 P there were two 
statements with regard to the effect of an increasing amount of 
anorthite, which seemed to be very difficult to reconcile. He would 
like the author to supplement these statements, which probably 
referred to completely different ranges of alumina content. 

On p. 567 Pp the author referred to the lime-silica ratio necessary 
to make a charcoal-fired blast-furnace work satisfactorily, and used 
the word “ possible.”’ In addition to “ possible’ he should also 
say “ permissible,” since sulphur considerations in regard to charcoal 
practice were very different from those relative to coke-fired furnaces. 

With regard to the effect of magnesia, the author’s statements 
confirmed one’s practical experience. Magnesia was never to be 
ignored, however, not even in the range below 20° alumina, as the 
author’s own figures went to prove. In addition, the chemical 
effect of the magnesia must not be overlooked. 

The comparison in Table X. was hardly fair, since part of the 
economy was due to the use of the completely crushed and graded 
burden, as against a partially calcined but completely uncrushed 
and ungraded burden. In Table XI. the two runs on the basic 
furnace were not strictly comparable, and they would be less so 
when one went into the question of cost. In the second column, 
the limestone saving was less than was apparent. He did not know 
how much basic slag was being used, but basic slag was a very 
effective and very economical material in making basic iron. 

Finally, he was very pleased to note that the author stressed 
the excellence of McCaffery’s work on the viscosity of blast-furnace 
slags, and also the work of Rankin and Wright. He noticed, how- 
ever, that the author did not mention the pioneer work of Feild 
and Royster, and hoped that that omission would be remedied. 

He would like once again to stress his great interest in the paper 
and to express his thanks to the author for drawing to the attention 
of blast-furnace operators the fundamental principles which should 
be adopted in devising the composition and the character of the 
slag. 


Mr. F. W. Harporp, C.B.E. (Past-President, London), said the 
paper should be warmly welcomed, as it was one of the best instances 
he had seen where an almost academic research had been applied to 
the practical operation of the blast-furnace. The researches carried 
out by McCaffery on the constitution of slag demonstrated that 
certain mineral constituents had lower melting points than the 
others, and that if a slag could be maintained with a definite pro- 
portion of these it would have the lowest melting point combined 

1 A. L. Feild and P. H. Royster, U.S. Bureau of Mines Technological 
Papers, Nos. 157, 187, and 189. 
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with the lowest viscosity. It was well known that in any metal- 
lurgical operation, whether in the open-hearth or the blast-furnace 
or any other furnace, slag control was probably the most essential 
factor for producing the right product. By adjusting the com- 
position of the slags, the author had obtained a free-running slag 
and effected great economies in the operation of his blast-furnaces. 

He agreed broadly with the author’s opening statement, namely, 
that the function of the blast-furnace was to produce the greatest 
output of iron with the minimum coke consumption, but he would 
like to add “‘ subject to an iron suitable for the purpose required 
being produced.”” The author suggested that it was not the function 
of the blast-furnace to produce a low-sulphur iron, that it was so 
difficult under certain conditions that we should ignore the sulphur 
and operate the furnace to produce a low-silicon iron irrespective 
of the sulphur content. The same argument might be applied to 
silicon, and we might concentrate on production only irrespective 
of silicon content, and then de-siliconise the molten metal as was 
done in some cases in the early days of basic Bessemer practice. 
His opinion was that it was the function of the blast-furnace to 
produce a low-sulphur, low-silicon iron, though it was largely a 
question of cost of doing this compared with the desulphurising of 
the metal at a later stage. 

It was undesirable that blast-furnace managers should come to 
the general conclusion that it was not possible to produce low- 
sulphur, low-silicon iron economically from highly aluminous ores 
without further evidence than was offered in the paper. He thought 
that there were possibilities, by increasing the percentage of magnesia 
in the slag, as was suggested by results given in Table VIJI., 
especially if manganese ore were added, of obtaining a free-running 
slag sufficiently basic to remove sulphur, and further experiments in 
this direction would seem desirable. 

If, however, it was possible to obtain an increased output of 
20%, and a reduction of 15% in the coke consumption, it would 
probably pay better to do the desulphurising outside the blast- 
furnace. 

Nothing had been said about manganese. He noticed that in the 
author’s foundry iron there was only about 0-3° of manganese, 
whereas in his basic iron there was 1-4%. Clearly manganese 
additions in some form had been made to the blast-furnace burden 
when making basic iron, either in the form of low-manganese ore 
or as other manganiferous material, and the fluidity of the slag would 
be affected to some extent by this. 

If manganese ore was used in the burden, the cost of this should 
be taken into consideration when comparing the cost of desulphur- 
ising outside the furnace with the production of low-sulphur iron 
direct, as possibly a relatively small addition of manganese ore to 
the charge above that already added might have produced a low- 
sulphur iron direct. 

1936—ii PP 
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In the end it came down to a question of relative costs when all 
factors, such as increased output, decreased fuel consumption, &c., 
were taken into consideration, compared with costs of desulphurising 
outside the blast-furnace. There were various methods of desulphur- 
ising molten pig iron which had been largely used in foundry practice, 
but he had not known them used on a large scale for desulphurising 
basic pig iron in connection with basic Bessemer practice. He 
hoped the author in replying would give some details as to the 
method of desulphurising, and whether it was done in the ladle or 
mixer, or if a special plant were used, so that an opinion might be 
formed as to the saving effected. 


Mr. F. BainsripGe (Saltburn-by-the-Sea) congratulated the 
author on the excellent way in which he had compiled the paper. 
Anything he might say in his later remarks was in no way intended 
to decry the value of the paper or of the author’s work. It was 
notorious that the public memory was short, and an instance of that 
was provided in the last paragraph of the second page of the paper, 
where the author said “ provided that the blast-furnace operation 
is based on an entirely new principle. In this principle, the blast- 
furnace is regarded solely as the means of smelting iron ores to 
produce pig iron,’ &c. The new principle, he took it, was the one 
in which those conditions were arrived at, and he would refer the 
author first of all to slag ratios such as were used in Cleveland as 
far back as 1885. He would like to give one or two Skinningrove 
slags, first one of 1885 which was typical of the slags produced at 
that time with pure Cleveland ironstone : 


O/ 


/O 
Silica . : ; : : : . 31-62 
Total lime ; ; ‘ ‘ ‘ . 33°32 
Alumina : ” ; ; ‘ . 26-60 
Ratio, total-lime/silica . 3 ; : 1-06 


If the magnesia were included, one obtained a ratio of 1:24. The pig 
iron analysis at that time was 1-23°% of silicon and 0-1%, of sulphur. 
In 1887, to take another period, the figures were very similar : 


Silica. : ; ; : i - 31-43 
Total lime : ; : : , . 31-90 
Alumina . : ; ; : . 26-03 
Ratio, total-lime/silica . ; ‘ . 1-01 


Including the magnesia, the ratio was 1-29. The pig iron analysis 
showed 1-25% of silicon and 0-06°% of sulphur. In 1912 the 
following figures applied : . 


Silica. ; , ; : ‘ . 32-1 
Total lime ; ; P : ; . 328 
Alumina Fs : : : . . 25:32 
Ratio, total-lime/silica . : ; : 1-02 
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Including the magnesia, the ratio was 1-24, and the silicon in the 
pig iron was 1-2%. Mr. H. E. Wright,! in his paper on “‘ Chemical 
and Thermal Conditions in Blast-Furnace Practice,’ read before the 
Institute in 1920, gave particulars of a typical Cleveland slag which 
showed a ratio of 1-07, or 1-29 including magnesia. 

Further, Dr. Stead,? in his Presidential Address to the Institute 
in 1920, stated that, following the building in 1898 of new steel 
furnaces by Dorman Long & Co., and Mr. Saniter having by his 
desulphurising process at Wigan made it possible to deal with metal 
high in sulphur, and being engaged by Dorman Long & Co., he applied 
his process at the Clarence Works of the Company, and it was 
successfully proved that Cleveland iron of forge quality, low in 
manganese and rather high in sulphur, could readily be made into 
good steel; and instead of having to produce iron containing less 
than 0-1%, of sulphur it was now quite easy to desulphurise irons 
containing considerably more than that amount. 

In spite of the use of soda ash in one case and not in the other, he 
held that the same principles were involved in the Saniter process 
as were used by the author in his new process, and the best thanks 
of the Institute were due to the author for his excellent paper and 
for his scientific explanation of the reason for the success of the 
process used by the Cleveland ironmasters as far back as 1899. 


Mr. E. W. CoLBeck (Northwich, Cheshire) said there seemed to 
have been some slight misconception in the minds of the previous 
speakers with regard to the methods available for removing sulphur 
from blast-furnace iron, and as to whether this was actually being 
done to-day in Britain. The author, in his original note published 
in the Iron and Coal Trades Review (1936, vol. 132, May 1, p. 806), 
stated quite definitely that at Corby they were using soda ash for 
the treatment of their iron. There were also other plants in Britain 
which were treating their blast-furnace metal with soda ash, and it 
was also being done in Germany and Belgium. It was quite possible 
to remove well over 50% of the sulphur by the addition of 1° of 
soda ash, at a cost of approximately 1s. 3d. per ton of iron treated. 
That was, of course, a very general figure; if it was necessary to 
use 2° of soda ash the cost would be 2s. 6d. a ton. 

Professor Paschke, in a paper read to the Foundry Congress at 
Diisseldorf, in September 1936, referred to experiments in which 
irons containing as much as 0-8°% of sulphur had been treated and 
the sulphur reduced to a perfectly normal figure by the use of molten 
sodium carbonate; obviously it would not be possible to use the 
necessary quantity of cold soda ash, owing to the cooling effect of 
this large quantity. 

The next point was whether the quality of the steel was going 
to be affected in any way. The answer to that, so far as he was 
1 Journal of the Iron and Steel Institute, 1920, No. I., p. 179. 

2 Ioid., p. 71. 
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aware, both in Britain and on the Continent, was that actually 
there was some evidence that the quality of the steel was slightly 
improved. He himself had evidence that the iron after treatment 
with sodium carbonate was somewhat freer from non-metallic 
inclusions as determined by the chlorine method, which he gave in 
his paper.! It was thought that this cleanliness did benefit the 
finished steel, and that there was something inherited from the 
treated iron. 

There was no doubt that by operating a blast-furnace on the 
principles that the author suggested there were some very real 
savings indeed to be effected. There were obvious savings in coke, 
and there were savings in manganese ore. This was regarded as of 
the greatest importance in Germany, and there was a very real 
chance that it would be of material assistance to German steel- 
makers, In these days of economic nationalism, Germany wished 
to import as little as possible, and one of their great difficulties was | 
to obtain manganese ore. They would do anything to get round 
that difficulty, and it was known that at the present time they were 
considering this method of working blast-furnaces very carefully 
and were carrying out experiments. They hoped by this method 
of working to save considerable imports of manganese ore. 


Mr. H. R. B. WatsHaw (Scunthorpe, Lincolnshire) said that as a 
blast-furnace operator he would very much like to work a blast- 
furnace with a low-basicity. slag such as that described, if only he 
could mesmerise the steel plant manager into accepting 0-13°%, of 
sulphur. He would ask the author what was meant by 0-13°% of 
sulphur. Presumably it was an average, and he would like to know 
how high it went. As a blast-furnace operator making basic iron, 
he had to make a very much better quality than that, and, if he 
made 0-13°% of sulphur, he did not think that any soda ash additions 
he could put in, or that could be put in in the steel plant, would 
keep the steel plant manager from wanting his blood, though he 
could see that if one were allowed to work with such a slag it would 
be possible to make very great strides in the economy of working 
the blast-furnace. There was, in fact, a certain class of foundry 
iron which he had occasionally to make, for which he did use unity 
in the slag so far as the lime and silica were concerned, but he was 
not tied to low silicon; he could go from 1% to 240/. silicon, but 
even then he had the utmost difficulty in keeping the sulphur below 
0-1%, after treatment with soda ash. He felt sure that the plant 
with which he was connected would not accept such figures as those 
given by the author. 








1 Colbeck, Craven, and Murray, this Journal, p. 251 p. 
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CORRESPONDENCE. 


Mr. J. M. Ripa@ion (London) wrote that an important aspect of 
Mr. Colclough’s paper was the prominence given to the work carried 
out at the United States Bureau of Mines. The immense amount 
of work carried out by McCaffery and his co-workers on the melting 
points, viscosities, and desulphurising powers of blast-furnace slags 
would appear to be little used in reference to slag problems in Britain. 

Consideration of the relative desulphurising powers of blast- 
furnace slags showed that, in general, slags of low melting points, 
such as those advocated by Mr. Colclough, had relatively poor 
desulphurising properties. In some cases it might be possible to 
compromise between viscosity and desulphurising power, but usually 
a change of basicity designed to lower the melting point or viscosity 
of aluminous slags would result in the production of high-sulphur 
pig iron. Calculation of the relative desulphurising powers of a 
number of slags produced in Britain showed no relationship between 
this quantity and the sulphur content of the iron produced; but 
when the desulphurising power was plotted against the slag volume 
for a number of furnaces, a band was obtained which indicated that 
in order to maintain a sufficiently low percentage of sulphur the 
slag volume must vary inversely as the desulphurising power. 
On the arbitrary scale adopted by the American workers, Corby 
slag showed an exceptionally low desulphurising power (Corby slag 
2-2, as compared with a range of 4-12 for most British furnace 
slags). 

Mr. Colclough pointed out that it might be advantageous to 
restrict the functions of the blast-furnace and to effect the removal 
of sulphur separately by means of the soda-ash process. That was 
an economic question, and it would be of interest if the author could 
give more detailed figures on the actual reduction in sulphur effected 
by the soda-ash process, and a comparison between the cost of soda- 
ash addition and the approximate saving consequent on increased 
production from a furnace using slags of low melting point; to the 
latter account must also be added the advantages of smoother 
working, which might be difficult to assess commercially. 


Mr. J. F. Witson (Horam, Sussex) wrote that the comparison 
of operating results, as shown by Tables X. and XI., would seem 
to demonstrate that by the procedure adopted, considerable pro- 
gress had been made in standardising working conditions and in 
easing the work of the blast-furnace personnel. In doing this, more 
exacting work must necessarily be required from the steelmaker, 
and the difficulties attached to the production of low-sulphur iron 
with a slag rich in alumina must be weighed against the cost of 
subsequent desulphurisation. 

Some years ago he was concerned with a similar problem, where 
the blast-furnaces, burdened with a Cleveland ore rich in alumina, 
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worked irregularly as the alumina content of the slag reached the 
higher limits. As high as 26°% of alumina was once recorded, but 
the furnaces were inclined to go off grade much below this figure. 
Knowledge of the melting points and viscosity curves of the various 
minerals in question were then less complete, but his experi- 
ence with other slags clearly indicated that by lowering the slag 
basicity a more freely working furnace was likely to result. Being 
unwilling to advocate a policy which he considered likely to increase 
the sulphur content of the iron to an uncontrollable degree, an 
alternative was considered. The progressive introduction of raw 
dolomite in place of the limestone was strongly advised for the 
purpose of lowering the melting point of the slag, whereby an 
influence similar to that expected from lowering the slag basicity 
was aimed at, and with the hope of better sulphur control. 

Circumstances had not permitted of the test being made, and if 
the author had already made a similar one, Mr. Wilson would be 
particularly interested if he (the author) would supplement his 
figures in this respect; also, had he found any magnesia spinel 
mineral in such slags rich in magnesia. 

The author regarded blast-furnace operation as an unsuitable 
and inefficient method for the elimination of sulphur, and wrote of 
excess sulphur being removed by subsequent treatment. Mr. 
Wilson did not think that the author wished to convey the im- 
pression that he considered the Bessemer converter to be a more suit- 
able instrument for that purpose. If, therefore, the statement 
were further explained, a better understanding of his meaning could 
be arrived at. 

With regard to the uniformity of composition of the iron which 
the low basicity was claimed to produce, he considered this of sufficient 
importance to regret that the author did not show graphically how 
uniform that composition was, as compared with that shown by 
Fig. 4. The large amount of capital expended on metal mixers 
by the steelmaker was not altogether intended to provide for the 
storage of reserve supplies of metal; consequently he believed that 
further particulars in this respect would be appreciated. Uniform- 
ity of composition of the metal was a valuable means of attaining 
that ideal whereby the steel furnace became an instrument of 
precision, and it might be more incorrect to assume that this ideal 
was more easily attained by the use of low-sulphur metal than by 
choosing the most suitable type of furnace, and its method of 
operation, to suit the raw material available. 

With a view to assessing the maximum sulphur content of metal 
for economic use in steel furnaces, a test was made over a period 
when high-sulphur iron was anticipated. The result for a period 
of one week, when using an irregular metal having an average sulphur 
content of 0:19%, as compared with the use of similar metal 
but containing only 0-06%, of sulphur, produced the following 
differences : 
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Output . . . . from 0-5 to 0-6 ton less per furnace per hour, or 
; 575%. 

Lime consumption . from | to 2% higher. 

Wear and tear . . no actual difference was noticeable, and this item 


was probably in inverse ratio to the loss of output. 


No other charges of any consequence could be debited. The steel 
furnace operation was specially adapted for desulphurisation, and 
the finishing period of each of the melts was almost free from 
delays attributable to sulphur. 

He considered that the conversion into steel of an iron as quoted 
in Table XI., and with a sulphur content of 0-13°, was an economic 
proposition and that the author had made a valuable contribution 
towards lowering the cost of production of such steel. 


Professor Dr.-Ing. M. PascuKe (Clausthal, Germany) and 
Mr. E. Peretz (Duisburg) wrote that in Germany also efforts were 
being made to render usable the native oolitic iron ores, which 
could not be smelted economically on account of their high silica 
contents. In the course of years a number of ore-dressing processes 
had been developed for the removal of the unwanted silica content 
before smelting. Of particular note was the Krupp direct process, 
in which solid blooms were made from low-grade ores in a rotary 
tube furnace and were then melted in the blast-furnace. 

At the beginning of 1934 the writers had tried out a basically 
new method, in which, starting out from new metallurgical principles, 
they smelted the ore directly in the blast-furnace without regard to 
desulphurisation.1_ Slag formers, such as limestone, were added in 
quantities only sufficient to form an easily melted acid slag, in 
which the content of bases was lower than that of acids; the 
alumina was reckoned as an acid. They had found that, with an 
alumina content of 12-15%, the minimum free-running temperature 
was obtained with a CaO/SiO, ratio equal to unity. With acid 
charges the temperature of the hearth could be kept lower and the 
operation of the furnace was simpler. Naturally, the burden had 
to be so adjusted that the passage of the gases and the reduction 
were as uniform and efficient as possible. Fine ores, as usual, were 
made into lumps by sintering or briquetting. The sulphur was 
largely absorbed by the pig iron as before, and was removed only 
after tapping. The most important desulphurising agent was 
sodium oxide, which was conveniently added in the form of molten 
soda. The new process was also suitable for the smelting of ores 
rich in titania, alumina, and sulphur. 

It was very interesting that this process had also been tried in 
England for smelting the Northamptonshire ores, and with success, 
as was shown by Mr. Colclough’s work. It was to be hoped that, 
through active international co-operation, the existing acid low- 
grade iron ore deposits of the world might be made of use to 


mankind. 
1 Giesserei, 1935, vol. 23, pp. 454-460. 








584 P COLCLOUGH : CONSTITUTION OF 


AUTHOR’S REPLY. 


The AuTHOR wished to express his thanks to all those who took 
part in the discussion, and was pleased to note the wide practical 
interest which the paper had aroused. 

Replying first to questions of detail, the melting point data 
published in the paper were in every case the results obtained from 
experimental determinations on slags as taken from the blast- 
furnace. In no case did the figures refer to synthetic mixtures. As 
Mr. Hacking anticipated, it was expected that the impurities of 
oxides and sulphides would have had an appreciable effect upon the 
eutectic melting points, but this effect was not to be observed in 
the slags which were illustrated. 

With reference to the apparently contradictory statements as 
to the effect of increasing amounts of anorthite, it would be found, 
on studying the paper, that this referred to the different action of 
anorthite on the two sides of the eutectic composition. 

The criticisms of Mr. Hacking with respect to Tables X. and XI. 
were justifiable, but, as all would appreciate, it was exceedingly 
difficult to control every factor in the practical operation of a blast- 
furnace, and the examples selected were as nearly parallel as 
practical conditions would permit. 

The examples quoted by Mr. Bainbridge, of blast-furnace slags 
produced in the smelting of Cleveland iron ore many years ago, 
were of very great interest. It should be noted, however, that this 
practice had been departed from owing to the changing character 
of the Cleveland ironstone, and the examples quoted illustrated the 
practical impossibility of smelting these iron ores as they were 
mined to-day, to give economic operation and to keep within the 
desired specification regarding sulphur. 

The contribution of Mr. Ridgion referred to the relative de- 
sulphurising powers of blast-furnace slags, and stated that, in general, 
the slags of low melting point suggested in the paper possessed 
relatively poor desulphurising properties. While this was generally 
accepted, it should be noted that the desulphurising power of a 
slag depended partly upon its composition, but to a nruch greater 
extent upon its degree of superheat. While a reduction of the lime 
content of the slag might tend towards a lower sulphur-carrying 
capacity, yet, by virtue of the lower melting point thus obtained, 
the superheat carried by the slag under similar hearth-temperature 
conditions might be considerably higher with the low-lime slag than 
with the normal lime composition. Under these circumstances, the 
low-melting-point slag had a much greater desulphurising action 
than the normal slag. This was illustrated in Table X., where it 
was shown that, although the lime content of the slag was decreased 
from 39-6°%, to 34:5% and the coke consumption was reduced by 
550 lb., yet the sulphur-carrying capacity of the slag was increased 
and the sulphur content of the foundry iron produced was 0-010%. 


, 
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In all calculations on the desulphurising value of a slag, the most 
important factor was the degree of superheat which that slag 
attained in the furnace hearth. 

In reply to Mr. Wilson, with reference to the use of dolomite in 
place of limestone, the author would state that no practical tests 
had been carried out in this direction in Britain. The ores quoted 
in the paper all contained some significant percentage of lime, and 
local supplies of dolomite were not available to replace even the 
small amounts of limestone which were added to the burden. It 
had been demonstrated, however, that in cases where the magnesia 
content could be increased to the neighbourhood of 20° or more, 
the slags thus produced were of very low viscosity and of suitable 
melting point, even when carrying high percentages of alumina, but 
even in such cases, to obtain the most economic results the ratio of 
bases to silica should be considerably lower than was carried in 
normal practice. The main difficulty in testing this on a practical 
scale had been one of economics, namely, the availability of low-cost 
supplies of dolomite. 

The contribution of Dr. Paschke and Mr. Peetz was of particular 
interest, and confirmed the advantage of operating the blast- 
furnace with a lime/silica ratio approximating to unity, even when 
the slag contained the normal amount of alumina of 12 to 15%. 
While the paper primarily dealt with the problem of the constitution 
of blast-furnace slags and the effect of alumina contents higher than 
the normal range, yet there was no doubt that the same beneficial 
effect of a lower lime/silica ratio applied to the normal range of 
alumina content. 

The contributions of Mr. Hacking and Mr. F. W. Harbord were 
of particular value in emphasising that the prime object of the paper 
was to direct attention to the fundamental principles underlying the 
constitution and properties of blast-furnace slags. In view of the 
absence of any criticism or comment to the contrary, it must be 
assumed that it was now accepted in Britain that a blast-furnace 
slag in the fluid state consisted essentially of a mixture of mineral 
constituents and not, as was previously supposed, of simple oxides. 
Once this view was accepted, it followed that the whole principle of 
burdening a blast-furnace must be reviewed, and the old basis of 
calculating the addition of fluxes to give a standard ratio of lime 
and/or magnesia to silica must be replaced by some new standard 
such as was suggested in the paper. From the standpoint of both 
theoretical considerations and practical experience, it had been 
demonstrated that the operation and economy of the blast-furnace 
was improved if the burdening of the furnace was based on these 
principles. 

Particular attention was directed by all speakers to the question 
of the sulphur content of the pig iron produced. While, as stated 
above, under certain conditions the sulphur-carrying capacity of 
these slags of lower melting point might be as high as that of the 
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slags carried in common practice to-day, yet there was no doubt 
that when operating with the low hearth temperatures suitable for 
the manufacture of low-silicon iron, the sulphur content of the iron 
might be higher than was desired for steelmaking purposes. It 
was claimed in the paper that the blast-furnace, with its essentially 
reducing atmosphere, was not the most suitable metallurgical 
equipment for the economic removal from iron ores, coke and pig 
iron, of sulphur over and above certain well-defined limits. 
Hitherto, the responsibility for the removal of this sulphur content 
had been placed upon the blast-furnace without regard to the 
fundamental characteristics of the blast-furnace process or a full 
appreciation of the handicap thus imposed upon the realisation of 
the most economic operation of the furnace. 

It was recognised at an early stage in the history of steelmaking 
that an acid open-hearth furnace was not a suitable instrument for 
the removal of phosphorus from pig iron, and not until the basic 
process was evolved could phosphoric ores be used for the manu- 
facture of steel. It should be equally recognised that there might 
be other, more suitable, and more economic methods of removing 
the sulphur in pig iron than by the present methods in common use 
in the blast-furnace and the steelmaking furnace. It was claimed 
that the greatest economy would be obtained by operating the blast- 
furnace and the steelmaking furnace under the conditions that gave 
the optimum results in those processes and by treating the removal 
of sulphur as an entirely separate and distinct problem. The 
principles on which the blast-furnace operation should be based had 
been outlined in the paper. The methods which had been evolved 
for the removal from the pig iron, made in accordance with the 
principles of burdening outlined, of any sulphur in excess of speci- 
fication, clearly did not lie within the scope of a paper on the 
constitution of blast-furnace slags, but would more suitably form the 
subject-matter of a further communication. 
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THE REDUCTION OF IRON ORES WITH 
SOLID CARBON. 


A STATHMOGRAPHIC INVESTIGATION.! 


3y A. E. DOBNER, D.Sc., anp St. SKRAMOVSKY, D.Sc. (InstiruTE oF 
APPLIED AND PHARMACEUTICAL CHEMISTRY OF CHARLES UNIVERSITY IN 
PRAGUE). 


SUMMARY. 


The authors have made investigations on the direct reduction of 
iron ores with solid carbon by means of a stathmograph, 7.e., an 
apparatus which records automatically, in the form of a graph, the 
loss of weight during the whole reduction process. 

This paper deals with : 


A.—A description of the stathmograph, 
B.—A description of the method employed, and 
C.—The results of the reduction of iron ores, 


and is part of an investigation of the direct reduction of iron ores as 
they are used at the present time in the blast-furnace practice of the 
Czechoslovakian iron and steel works. Two kinds of iron ores were 
chosen—roasted siderite and magnetite. 

Special attention has been paid to the evaluation of the graphs 
obtained and to the determination of the respective corrections, which 
are a fundamental basis of these measurements. The sensitivity of 
the stathmograph and the accuracy of the results ascertained are 
shown in diagrams. Temperatures of 950° and 1050°C. were 
chosen, to ensure complete reduction at a suitable velocity; besides 
this the reduction process was investigated at increasing temperatures 
from 150° to 950° C., to show clearly the character of the loss and 
at what temperature it takes place. 

The diagrams show that there is no obvious difference between 
the rates of reduction of the difficultly reducible magnetite and of the 
easily reducible siderite, assuming that the temperature is appropriate 
and, especially, that a fine grain of sample is used. 


INTRODUCTION. 


THE present paper contains an account of a part, complete 
within itself, of a stathmographic investigation of the direct reduc- 
tion of iron ores (of both Czechoslovakian and foreign origin) with 
solid carbon, as they are used for making pig iron in the blast- 
furnace operation in the Czechoslovakian iron and steel works. 
Besides determining the extent of the reduction of the iron, 
it was important to follow the reduction process step by step from 
the beginning to the end. Three factors play a vital part in the 
reduction process: The temperature, the grain size, and time. 
As the aim of this work was te effect complete reduction of the 
1 Received June 17, 1936. 
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iron ore, favourable conditions had to be chosen. These are (a) 
the use of temperatures of 950° and 1050° C. and, to confirm the 
results, a still higher temperature of 1100°C.; and (b) the use of 
fine samples (80 mesh), so eliminating the influence of the physical 
properties. Two hours was the standard time for these experi- 
ments, and if complete reduction occurred in this time limit, the 
graph of the experiment showed a distinct flat portion parallel 
to the time axis. 

The direct reduction of iron ores with solid carbon at high 
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Fig. 1.—Stathmograph. 


temperatures, being a chemical process accompanied by a loss of 
weight, and thus corresponding to the type of reaction : 
AB (solid) + C (solid) = A (solid) + BC (gaseous), 


forms the basis of the application of the stathmographic method. 


DESCRIPTION OF THE STATHMOGRAPH. 


A sketch of the stathmograph is shown in Fig. 1. The three 
main parts of the stathmograph are: (1) The chemical balance, B, 
(2) the drum and electric motor, D, and (3) the electric furnace and 
rheostat, /', and an auxiliary part, a lamp as a source of light, 7’. 

The chemical balance B is a common type of analytical balance 
with a certain given sensibility. A mirror m is attached to the 
middle of the beam, and two dampers d, one on each side of the 
balance, formed of a thin plate connected to the arm of the beam 





"ee 


nd 
a 
ce 


he 
ym 


REDUCTION OF IRON ORES WITH SOLID CARBON. 589 Pp 


and dipping into a vessel filled with paraffin oil, serve to restrain 
the vibrations of the beam, which are caused at high temperatures 
by the obvious vibrations of the experimental vessel in the furnace. 

The drum D is placed at a certain distance from the balance ; 
the inner rotating part carries a sensitive photographic paper, 
while the outer fixed part forms a metal cover with a fine vertical 
slot, with a centimeter scale. An electric motor drives the rotating 
part of the drum through a gear, and a separate gear-box provides 
for different speeds, from 4 hr. to 24 hr. for one revolution. 

The electric furnace F is an electric resistance furnace, wound 
with a special alloy wire, allowing temperatures up to 1100° C. 


. with safety. The tube, closed at the bottom, is 8 cm. in internal 


dia., and is covered during the experiment with a plate with two 
holes, one for the experimental vessel, and the second for the py- 
rometer. A rheostat is used for the regulation of the temperature 
of the furnace. 

The source of light, lamp 7’, is a horizontal metal tube fitted 
with an electric bulb, a lens and a fine horizontal slit through which 
the light is thrown on to the mirror m on the balance. 

The balance and the drum with the electric motor are covered 
so as to keep out the light. 

These three main parts of the stathmograph are in direct eon- 
nection with each other. The balance, on the one side, is in con- 
nection with the electric furnace through a platinum wire or a very 
fine thread of quartz or porcelain, at the end of which is the ex- 
perimental vessel, hanging freely in the middle of the furnace and 
containing the ore sample; on the other side, the balance is in 
connection with the rotating part of the drum through the medium 
of the fine horizontal beam of light, originating in the lamp and 
reflected by the mirror in the middle of the balance beam on to the 
drum, just crossing the slit. 

When the vertical slit is open, the horizontal beam of light 
crosses it at right angles, and a point appears on the sensitive 
photographic paper. The combined motion of the point, caused 
by the horizontal movement of the paper, and the vertical displace- 
ment of the beam during the loss of weight, draws a characteristic 
graph, marking the continuous change of weight of the sample 
in the electric furnace as the time progresses. 

In this way the graphs contained in this paper, showing the loss 
of weight of the different iron ores, coke, and iron ore and coke 
mixtures (reduction loss of weight) have been obtained. 

The name “ stathmograph ” was taken from the Greek “ stath- 
mos” meaning “ weight ” and “ graphein ’”’ meaning “ to record,” 
to show that a graph is drawn continuously and automatically 
by this arrangement of the apparatus as a whole. 

The Science Reports of the Téhoku Imperial University for 1927 
contain a paper by Saito which shows a sketch of the improved 
thermo-balance invented some years ago by Dr. Honda, and used 
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for different chemical and metallurgical investigations. The 
readings of the change in weight of the sample are made by reading 
the scale with the help of a telescope. 
According to the Bulletin de la Société Chimique for 1925, 
Guichard has for some years been using a “ hydrostatic balance ”’ 
to study the dehydration of chemical compounds. And according 
to Chemické Listy, 1932, Skramovsky has for some years been using 
a stathmograph, an apparatus based on the idea of Guichard, but 
improved by the introduction of photographic registration and 
automatic regulation of the increasing temperature. A sketch was 
published later in 1933 in Collection of Czechoslovak Communications. 
It is a further characteristic of the automatic continuous graph 
that errors of visual reading are excluded, more particularly because 
the vibration of the beam of the balance at high temperatures, 
which sometimes makes a considerable difference in the readings, 
has to be taken into account. 


DESCRIPTION OF THE METHOD EMPLOYED. 


Experimental Materials. 
Two kinds of iron ores were chosen, with the following average 
chemical analyses (made in the works laboratory) : 
Iron Ore A, a roasted ferrous carbonate—siderite : 
47-:0% Fe, 2.6% Mn, 9:4% SiO,, 1:0% Al,O3, 0-:0025% P, 0-:036% 8, 
47% CaO, 8-4% MgO, 0-:1% Cu. 
Iron Ore C, ferroso-ferric oxide—magnetite, imported from Sweden : 
64-2% Fe, 03% Mn, 50% SiO,, 1:5% Al,O;, 03% P, 0:05% 8, 
2-10% CaO, 1-6% MgO. 
Samples of these ores A and (, weighing about 30 kg. each, 
were analysed, and were found to contain : 


Iron ore A: 49-57°% total Fe 47-31% Fe’”’ 67-63% Fe,O, 
0-25% H,O 2°:26% Fe’ 2-91% FeO 

Iron ore C: 66°87% total Fe 45:08°% Fe’”’ 64-46% FeO, 
0-07°% H,O 21-79% Fe” 28-06% FeO 


Ore A was dried at 120° C., and was used for the investigation 
in this state, while ore C was used in the natural state. The content 
of iron combined chemically with oxygen plays the vital part in 
the reduction process, and therefore, for the following calculation 
of the “‘ rate of reduction,” it was necessary to know the amount of 
di- and tri-valent iron present. 

The total iron content of ore C differs remarkably from the 
average steelworks analysis. ; 

These two kinds of iron ores were chosen for this investigation 
on account of their different reducibilities : 


Iron ore A: high iron content (49-6%); easily reduced. 
Iron ore C: high iron content (66-87%); not easily reduced. 
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were used to ascertain the behaviour of the materials and to deter- 
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Ore C’ is known, from blast-furnace practice, to be not easily 
reduced on account of its physical properties, being of a hard and 
dense structure, so that the contact with the reducing agent is low. 

To minimise the influence of the physical properties on the 
process of reduction, a standard size of grain (80 mesh) was chosen, 
this grain size being fine enough for this purpose. 

As reducing agent for this experiment, coke was chosen, as it 
is used in the operation of the blast-furnace. Its chemical com- 
position was found to be 86-27% of carbon, 12% of ash, and 0:26% 
of H,O, after being dried at 120°C. for 2 hr. It was pulverised 
to the standard grain size (80 mesh). 


Experimental procedure. 


Preliminary tests had to be run before the actual reducing 
experiments could be performed, so as to determine numerically 
the behaviour of the apparatus and materials (iron ore and coke 
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Fic, 2.—Loss of Weight of Experimental and Reaction Vessels together, 
at constant and increasing temperatures. 


mixture) at the reduction temperatures. The time of these pre- 
liminary experiments was chosen as one hour as a standard. 
Reaction temperatures of 950° and 1050° C. were selected as 
constant temperatures at which the reduction of the iron ore with 
solid carbon proceeds at an appreciable rate; a temperature of 
1100° C. was used to confirm the results gained at 1050° C. 
Further, increasing temperatures, rising from 150° to 950° C., 
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mine the commencement of the reduction. It is to be noted that 
the same pyrometer was used also for the low temperatures, and 
therefore these temperatures are not absolutely correct but are 
strictly comparable for all the experiments. 

A reaction vessel, a quartz tube, with an inside diameter of 6 mm. 
and a length of 60 mm., and closed at the bottom, was used during 
the investigation for the samples of ore, or ore and coke mixtures. 

An experimental vessel, in the form of a 15 c.c. tube closed at 
the bottom and covered on top loosely with mica, was used to carry 
the reaction vessel with the sample; suspended on a fine thread of 
quartz on the one arm of the balance, it hung freely in the middle 
of the electric furnace. A counter-weight on the pan on the other 
arm of the balance kept the experimental load in equilibrium. 
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Fig. 3.—Sensitivity of the Balance of the Stathmograph. 


A standard weight of 0-2000-0-2200 g. of the samples of ore and 
coke and their mixtures was chosen for the experiment. 

The respective graphs of the loss of weight of the experimental 
and reaction vessels, shown in Fig. 2, give only an apparent loss 
at the high temperatures, because there is no change in weight of 
the vessels at room temperature before and after the experiment. 
These values are recorded in Table I. 

The sensitivity of the stathmograph was found to be, on the 
average, such that 1 mm. on the scale was equivalent to 0-00187 g., 
which was then taken as the basis for all the further calculations 
from the graphs. As diagrams 4-12 in Fig. 3 show, the sensitivity 
was found by putting an additional weight of 10 cg. and 15 cg. 
on the balance and measuring the distance between the resulting 
curves. This was done at room temperature, at 950° and at 1050° C. 
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TABLE I.—Loss of Weight of the Experimental and Reaction Vessels 
together. 
At Constant 


| Temperature. | 


At Increasing Temperature. 


Temperature. °C.: 950°. | 1050°. | 150°.) 200°.) 400°.! 600°.) 800°.) 950°. , 





| Joint weight of vessels. G. . | 27-6288 | 27-6303 27-8537 in each case 

| Duration of experiment. Min, . 60 | GO /} .. | 20 | 40; 6 | 80, 98 158 

| Loss of weight. Mm. measured. 3-8 @E ces 3-0 2:7 | 29 | 3-6 42 | 4-2 

| | | | 
Loss of weight at temperatures between 150° and 200° C, = 3-3 mm, max, measured. 


Average loss of weight at constant temperatures 950°, 1050° C, = 4-2 mm. measured. 





The accuracy of the measurements is within + 0-1 mm. for room 
temperature with smooth curves, + 0-25 mm., z.e., + 0-0005 g. 
with irregular curves at 950° and 1050° C. 

The following figures give the measurements of the respective 
graphs : 


Distance between curves Produced by adding weights of 
(Fig. 3)— 10 eg. 15 cg. 
at room temperature 53-0 mm, 80-0 mm. 
= 0-001887 g. per mm. = 0-001875 g. per mm. 
at 950° C. 53-5 mm. 80-2 mm. 
= 0-001869 g. per mm. 0-001871 g. per mm. 
at 1050° C. 53-5 mm. 80-5 mm. 
= 0-001869 g. per mm. = 0-001864 g. per mm. 


The graph of the loss of weight during the reduction of iron 
ore and coke mixtures gives only an apparent rate of reduction. 
In this there are included the loss of weight of the experimental 
and reaction vessels, as well as those of the iron ore and of the 
coke. Only after deduction of these losses of weight can a curve 
of “ true loss of weight,’’ corresponding to the reduction of the iron 
ore and coke mixture, be constructed. 

Preliminary tests were made to determine these losses of weight 
on the stathmograph, which are constant for the vessels as well as 
for the experimental materials at any given temperature. 


RESULTS OF THE REDUCTION OF IRON OREs, 
Preliminary Tests of Iron Ores and Coke. 
The experimental results indicated that there were three different 


types of fundamental behaviour of these materials, and this led to 
their division into three groups, as shown below. 


Group X at Constant Temperature. 


Iron Ore A.—The curve for the loss of weight being constant, 
a horizontal curve, diagrams 13 and 14, Fig. 4, was obtained. 
The values are also given in Table II. 
1936—ii QQ 
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TaBLE II.—Group X, at Constant Temperatures ; Iron Ore A. Loss 
of Weight, Diagrams 13 and 14. 


i] 
| Loss from Diagram. | Loss by Weighing. 














3 Te sa: | 
Diagram. W \ ’ a * — 
0. — | Gramme. | % | Gramme. | % 
| 13 | 02110] 950 7-5 | 0-0061 | 29 | 00044 | 21 
| 14 0-2089 1050 7:8 | 0-0067 3-2 0-0052 2°5 
| 


The percentage loss derived from the evaluated curves and the 
loss determined by weighing check closely and give an average of 
2:7% at 950° and 1050° C. 
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Fic, 4.—Loss of Weight of Iron Ores and Coke at constant temperatures ; 
Group X. 


In this case this represents a loss of water or eventually the 
remainder of the CO, content of the roasted ore A. 

The calculations from the graphs were made as shown by the 
following example : 


At 950° C., loss of weight } 7-5 mm., measured, 
less the weight loss of the experimental -+reaction vessels — 4:2 mm., measured, 
gives 3-3 mm., the cor- 

rected loss, 
1 mm. being equivalent to 0-00187 g., this is then equal to 0-0061 g., 7.e., 2°9%. 


Group Y at Constant Temperature. 


Iron Ore C.—The loss of weight curve, after initial maximum 
loss, shows a marked tendency to decrease, i.e., a falling curve, 
see diagrams 15 and 16, Fig. 5, and Table ITI. 
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TABLE II].—Group Y at Constant Temperatures ; Iron Ore C. Loss 
of Weight, Diagrams 15 and 16. 


Abs fs ¢4 F Loss from Diagram. Loss by Weighing. 
Weicht. | Tempera- | ‘Time of 
Diagram. aes ture. | Experiment. 
| es GO. | Min, Measured. e ; e 
| | Mm. o- Tamme, 
15 | 0-4030 950 | Start +4-0 0-1 
60 —0-9 —Q-2 an 
120 —2-] 2-9 | —0-0103 2-6 
16 0-4005 1050 Start +50 +-O-4 
60 -0-2 —(Q-2 aa eee 
120 5) 2-6 0-0114| —2-8 


It should be mentioned that a weight of 0-4 g. of sample was 
taken so as to show better the increase of the weight. Under 
ordinary conditions of iron and coke mixture at reducing tempera- 
ture, only the average initial maximum loss of weight of nil at 
950° and 1050°C. comes into consideration. This experiment 
was run for 2 hr. to show the behaviour of the curves. 


Group Z at Constant Temperature. 


Coke for Reduction.—The loss of weight curve rises continuously 
from the beginning to the end of the experiment, 7.e., an ascending 


, | 25 
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Fic. 6.—Loss of Weight of Iron Ores and Coke at constant temperatures ; 
Group Z. 





curve, see diagrams 17 and 18, Fig. 6, and Table IV. This experi- 
ment was run for 2 hr. at 1050° C. to show its regularity with the 


TABLE IV.—Group Z at Constant Temperatures ; Coke for Reduction. 
Loss of Weight, Diagrams 17 and 18. 





| | 
| | | | a cual 


L a Loss from Diagram. Loss by Weighing. | 
| Weight Tempera- Time of 
Diagram. | es ture. Experiment. tS ar eae — rey pes = 
| " *d., Min. Measured. a = e | 
| | “ay ES Gramme. o- | 
| 17 | 0-2192 950 Start | 6-6 oS ae oe 
60 9-9 4:9 | 0-0113 | 5-2 
18 0-2011 1050 Start 80 | 35 | 
60 ) Bete 6-8 | rT | om 
120 155 | 10:5 | 0-0211 | 10-5 
| 
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lapse of time. The average initial loss of weight at 950° and 1050° C. 
is 2-8°/, and represents apparently the loss of water and eventually 
of included gases liberated at higher temperatures. The continuous 
increase implies oxidation of the coke under the given conditions 
of the experimental vessel, but only the initial loss of coke will 
appear when a mixture of iron ore and coke is brought to the reducing 
temperature. 

The results of the preliminary tests at constant temperatures 
being established, it was found necessary to examine the character 
of the loss and at what temperature it would appear, so as to find 
what amount of loss must be deducted from the reduction loss of 
iron and coke mixtures at increasing temperatures. Accordingly, 
the following tests were run. 


Group X at Increasing Temperature. 

The rate of heating was on the average 10°C. per min., with 
an initial temperature between 150° and 200° C., which was held 
for about 20 min. 


TABLE V.—Group X at Increasing Temperature ; Iron Ore A. Loss 
of Weight, Diagrams 19 and 20. 


| } Loss from Diagram. Loss by Weighing. 








| rw Tempera- 
Diagram. — ture, 
ve — | Gramme.* % Gramme. 9 
19, 20 | 0-2055 | 150-200] ... =| ae aie 

| 200 | 30 0-0000 0-0 
| 400 25 | —0-0004| —0-2 | 
|} 600 | 30 | 0-0002 0-1 

| 800 | 43 | 0-0013 0-6 | 
| 950 | 57 | 0-0028 1-4 | 
| 950 final} 5-8 0:0030 15 | 0-0054 | 2-6 


| 
' 


* Corrected for the loss of weight of the experimental and reaction vessels 
for the respective temperatures as given in Table I. 


Iron Ore A.—Diagram 19, Fig. 7, shows that the loss of weight 
of the evaluated graph up to 600°C. is practically nil (based on 
readings of the curve of + 0-25 mm., equivalent to + 0-0005 g.), 
also that the loss of 0-6% at 800°C. is considerably below 1%, 
and that only the loss of weight above 800° C. increases noticeably. 

The figures in Table V. are calculated from the graph, as follows, 
the weight loss of the experimental and reaction vessels for the 
respective temperatures being taken from Table I., thus : 


at 600° C., loss of weight 3:0 mm., measured. 
less weight loss of the experimental and reaction vessels — 2:9 mm., measured 
gives 0-1 mm., corrected 


This multiplied by, 0-00187 g. equals 0-0002 g., 7.e., 0-1%. 
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This graph shows only an “ apparent ’’ loss of weight, and after 
deduction of the loss of weight of the experimental and reaction 
vessels, the corrected curve showing the “true” loss of weight 
has been constructed. This is shown in diagram 20, Fig. 7, and 
should be compared with diagram 19. If the difference between 
these curves is due not only to water, but also to the CO, content 
which remains after the roasting of the FeCO,, then it must be 
deducted from the reduction’ loss, and the average of 2-1°%, must 
be compared with the loss of weight of 2-7° at constant temperatures. 


Group Y at Increasing Temperatures. 

Iron Ore C.—The weight of sample was 0-4 g. Referring to 
diagram 21, Fig. 8, and Table VI., the loss initially is practically 
nil and then shows a continuous gain. The cause of this is ap- 
parently the oxidation of the iron ore, pure magnetite (FeO.Fe,O.), 
of fine grain size. 

Diagram 22, giving the “ true ”’ loss of weight, is to be compared 
with diagram 21. 


TABLE VI.—Group Y at Increasing Temperature ; lron Ore C. Loss 
of Weight, Diagrams 21 and 22. 














| Loss from Diagram. Loss by Weighing. 
Nikeckin. Weight. | Temperature. = i ee ae = re. 2 
zi G. 0. | Measured. | - Grins 
| Mm 0° iramme, 
| : 
21,22 | 0-4006 | 150-200 | 38 | 02 | 
| 200 | 2°8 0-1 | 
400 2-3 —0-2 | 
600 | 2-0 —0-4 | 
800 1-0 —1]-2 
950 | 0 —2-0 
950 final | —1-2 —2:5 | —0-0101 —2°5 





Under reducing conditions of the mixture of iron ore and coke 
at the reduction temperature, the oxidation of the ore is excluded, 
and therefore the resultant loss of weight is nil. 


Group Z at Increasing Temperature. 

Coke for Reduction.—Diagram 23, Fig. 9, and Table VII. give 
loss of weight of coke; the increasing weight loss is due to oxidation 
of the carbon of the coke. 

Under reducing conditions of iron ore and coke mixture at the 
temperature of reduction, the coke will apparently remove the 
oxygen from the ore, and reduce it to metallic iron; therefore the 
resultant loss of weight is 1-0% below that at 600° C. 

Diagram 24, showing the true loss of weight of the coke, should 
be compared with diagram 23. 


, 
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TABLE VII.—Group Z at Increasing Temperature ; Coke for Reduc- 
tion. Loss of Weight, Diagrams 23 and 24. 








| | Loss from Diagram. | Loss by Weighing. | 
Diagram, | La gaa Te aguas. | a = ae | a ne eee 
| } = %. | Gramme. | %. 
23,24 | 0-2170 | 150-200 | Bg ne 
200 | = 355 0-4 
400 3°5 0-7 
600 | 4+] 1-0 
800 | 6-0 2-1 | 
950 8-2 3:4 
950 final 12-3 7-0 0-0133 6-1 


REDUCTION OF [RON ORES. 


The reduction of iron ores with coke at high temperatures is 
accompanied by the evolution of gaseous oxides of carbon. The 
following equations show that either CO or CO, gas can be formed : 

Fe,0, + 3C = 2Fe + 3CO, 
2Fe,0, -+ 3C = 4Fe + 3CO,. 
The loss of weight registered by the stathmograph is caused by the 
escape of the oxides of carbon. Therefore the “ reduction loss ”’ 
of an ore and coke mixture must lie within the limits calculated 
from the above equations. 

Under the given conditions of the experiments, it has been 
found that in the case of the complete reduction of magnetite at 
1050-1100° C., the loss of weight checks closely with the theoretical 
loss if only CO gas is formed. The same result has been obtained 
in the case of siderite. 

If at lower temperatures complete reduction of the ore is not 
attained, the loss of weight of different ores reduced under the 
same conditions will be comparable and will indicate the difference 
in the speeds of reduction. These results can also be used to deter- 
mine the reducibility of an iron ore. 

In this case the “‘ degree of reduction ” can be evaluated on the 
basis of the metallic iron formed, and the percentage reduction is 
equal to the metallic-iron content divided by the total iron content 
and multiplied by 100. This necessitates an analysis of the reduced 
material for both metallic iron and total iron. 

The degree of reduction can be also evaluated on the basis of 
the oxygen removed from the ore. 

In the same manner, different iron ores have been studied by 
means of a thermo-balance with visual readings without automatic 
recording (e.g., Saito, Rostowzev and Meyerov, and others). A 
certain type of automatic recording was used by Ivar Bohm in 
1934. 

The chief difficulty lies in the accurate establishment of the 
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initial point of the curve, as can be judged, for instance, by the 
previous work of Saito in 1927. 

The special attention which has been paid in the authors’ 
investigation to the preliminary tests and to the resulting correc- 
tions was made necessary by the above-mentioned investigations 
on this line. By establishing the initial point and the corrections 
with great accuracy, it was possible to find the exact degree of 
reduction, which was checked by theoretical calculation. 

This aim was reached only after many difficulties had been 
overcome and numerous experiments had been made, by a suitable 
modification of the damping of the balance, and the loss evaluated 
from the graphs was checked by weighing the experimental vessels 
before and after the test on a separate analytical balance; it is 
given in the following data as “ loss by weight.” 

The following abbreviations are used : 

q = weight of ore and coke mixtures ; 
Ve = Weight of coke in the mixture ; 
Lu ty = loss of weight of the experimental and reaction vessels ; 
La = loss of weight of iron ore A. 
Le = loss of weight of iron ore C’. 
Ly = loss of weight of the coke; 
LI, = total loss evaluated from the graph; 


corr. = Sum Of the corrections. 


All these values have been determined in the preliminary tests. 
Reduction of Iron Ore A—Siderite, with 49-57°%, of iron in the 
form of 67-63°% Fe,O,, 2-919 FeO, and 0-25 moisture. The 
average loss at constant temperatures was 2-7°%,. The reduction 
mixture contained 1 part of ore A and 0-4 part of coke, and is the 
same for ore C. 
Temperature 950° C. (diagram 25, Fig. 10). 
q = 0-1998 g. 
Ore A = 0-1427 g. (= 0-1007 g. Fe,O, + FeO). 
Vex = 0°0571 g. 





Corrections : 
LDous+y = 4:2 mm.; Ly = 0-9 mm.; Ly = 2-7% = 2-1 mm. 
L, after 60 min. is 20-5 mm. The true loss of weight corresponds to 
13-3. mm. = 0-0249 g. = 24:7%, calculated on the basis of the iron 
oxides in the untreated ore. 
L, after 120 min. is 24:0 mm. — L,,,,. = 0:0314 g., = 31:2%. 
Loss by weight = 31:9%. 
Temperature 1050° C. (diagram 26). 
q = 0-2055 g. = 0-1035 g. Fe,O, + FeO. 
Corrections were made as for a temperature of 950° C. 
L, horizontal = 35-0 mm.—J,,,,. = 27-8 mm. = 0-0520 g. 50°2%. 
Temperature 1100° C. (diagram 27). 
q = 0-2129 g. = 0-1072 g. Fe,O, + FeO. 
D, horizontal = 36-7 mm.—L,o,,. = 29-4 mm. = 0-0550 g. = 51:4%. 


Reduction of Iron Ore C—Magnetite, with 66-87%, of iron in the 
form of 64-46% Fe,0,, 28-06% FeO, and 0-07°%% moisture. The aver- 
age loss at constant temperatures was nil. 


, 
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Temperature 950° C. (diagram 28, Fig. 11). 
q = 0-2076 g. 
Ore C = 0-1482 g. (= 0-1371 g. Fe,O, + FeO). 
Vx = 00594 g. 
Corrections : 


Leys = 4:2 mm.; Ly = 0-9 mm.; Le = 0:0 
L, after 60 min. is 26-0 mm. The true loss of weight corresponds to 


20-9 mm. = 0-0391 g. = 28-5°, calculated on the basis of the iron oxides 
in the untreated ore. 
L, after 120 min. is 29-9 mm. — L,,,,. = 24-8 mm. = 0-0464 g. = 33-8° 


Loss by weight 34:3%. 


Temperature 1050° C. (diagram 29). 
q 0-2053 g. = 0-1356 g. Fe,O, -}+- FeO. 


DL, horizontal = 39-5 mm. — L,o,,, 34:4 mm. 0-0644 g. $7-4%. 
Temperature 1100° C. (diagram 30). 
q = 0-2012 g. = 0-1329 g. Fe,O, +- FeO. 
I, horizontal 39-0 mm.—L,,,,, = 33-9 mm. 0-0634 g. = 47-7° 


DiIscussION OF EXPERIMENTAL RESULTS. 


The results will be discussed from two points of view : 

(1) The Results of the Stathmographic Method Employed. 

The graphs recorded automatically are free from reading errors. 

The loss of weight of the sample, ascertained from the evaluated 
graph, is checked closely by the loss by weight as found by weigh- 
ing on a separate chemical balance e.g. : 

Diagram 17: 4-9°% loss of weight from the diagram, 

5-2°,, loss by actual weight ; 

27:0°,, reduction loss from diagram, 
27-6°,, reduction loss by actual weight. 





or diagram 33: 


This high accuracy is based on the accurate results of the 
preliminary tests, and especially on the exact determination of the 
initial point of the graphs. 

(2) The Results of the Reduction of Iron Ores. 

Iron Ore A (diagrams 25, 26 and 27, Fig. 10). The graphs at 
constant temperatures show the intermediate steps of the reduction 
in succession, and, further, the velocity with which it takes place. 

At 950° C. there is a slow increase of the reduction loss, a rapid 
increase at 1050°C., and a very rapid increase at 1100° C., with 
a very steep slope to the curve. 

The graphs at 1050° and 1100°C. show a distinct horizontal, 
which indicates complete reduction. 

Iron ore A containing 67-63% of Fe,O, and 2-91% FeO, when 
completely reduced would liberate theoretically 51-9°, of CO. 

This theoretical reduction loss of 51-9°% of CO corresponds to 
‘“* {00% reduction ” on the basis of the iron oxides in the ore, and 
so the evaluated reduction loss of 50-2°% at 1050° C. corresponds 
to 96-7°%, reduction; this is confirmed by the evaluated reduction 
loss of 51-4°% at 1100° C., corresponding to 99-0% reduction on the 
basis of the iron oxides in the ore. 
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The continuation of the curve after the horizontal is without 
any further interest. 

Diagram 25 for 950° C. shows incomplete reduction. The evalu- 
ated reduction losses of 24:7°% and 31-:2% after 1 hr. and 2 hr., 
respectively, reveal the course and velocity of the reduction. To 
establish the percentage reduction a chemical analysis of the reduced 
material for both metallic iron and total iron is required. 

The evaluated results can, however, be used to compare the 
reducibility of different iron ores under the same conditions. 

Iron Ore C (diagrams 28, 29, and 30, Fig. 11)—The graphs show 
again at constant temperatures the continuous process of the 
reduction and the velocity with which it takes place. 

At 950° C. there is a slow increase of the reduction loss, a rapid 
increase at 1050° C., and a very rapid increase at 1100° C., with a 
very steep slope to the graph. 

The graphs at 1050° and 1100° C. show a distinct horizontal, 
indicating complete reduction. 

Iron ore C, with 92-52% of Fe,0,, when completely reduced 
would liberate theoretically 48-3° of CO from 100% iron oxides. 

The theoretical reduction loss of 48-3°% of CO corresponds to 
100°, reduction on the basis of the iron oxides originally present, 
and so the evaluated curves of the reduction loss of 47-4°% at 1050° C. 
and 47-7% at 1100° C. correspond respectively to 98-1°% and 98-7% 
reduction on the basis of the iron oxides in the ore. 

Diagram 28 for 950°C. shows incomplete reduction. The 
evaluated reduction losses of 28-5°, and 33-8% after 1 hr. and 2 hr., 
respectively, indicate the course and the velocity of the reduction. 
The percentage reduction can be established from the chemical 
analysis of the reduced materials. 

The evaluated results:can be used to compare the reducibility 
of different iron ores under the same conditions. 

The reduction results for ore C, of fine grain size, show that 
there is no difficulty in reducing it completely at high temperatures, 
although magnetite, being naturally hard, dense and non-porous, 
is known in blast-furnace practice to be not easily reducible, re- 
quiring a higher temperature and higher fuel consumption. 

On comparing the results of the easily reducible siderite A with 
the difficultly reducible magnetite C, there is no visible difference 
under the given conditions of fine grain size and high temyeratures 
of 1050° and 1100° C. 

Further, from the graphs the beginning of the horizontal and its 
length have been found as follows : 


Ore A: at 1050° C., the horizontal starts at 25 min., and lasts for 14 min. 
,, 1100°C., fe mes ie 20 

Ore C: ,, 1050°C., iy +5 40 i on 16 
5 2100° C., Re » oe : ss ae 


These are characteristic of the respective curves. 
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Graphs showing the course of reduction at increasing tempera- 
ture are given in diagrams 31 and 32, Fig. 12, for ore A, and 
diagrams 33 and 34, Fig. 13, for ore C; the data are also tabulated 
in Tables VIII. and IX. These show that for this plain carbon- 
aceous mixture there is no appreciable reduction loss until a tempera- 
ture of 900° C. is reached, but that a further increase in temperature 
has a marked effect on the results. 


TaBLE VIII.—Reduction of Mixture of Iron Ore A plus Coke at 
Increasing Temperatures. Loss of Weight, Diagrams 31 and 32. 


| Loss from Diagram. Loss by Weighing. | 


Tempera- 


. Weight 
Diagram, ight. ture. | Reductior 
| a. 7 ‘ ‘ action, | 
| C. Measured. : 
| | Mm Gramme. %. 
| fee Mm. Gramme. 9 | 
to, 31 0-2107 150-200 one don 
200 4-0 0-9 
400 3°5 | 0-6 
600 4-0 | 0-8 
800 | 6-7 9-6 0-0049 3-6 | 
950 | 11-0 5-7 0-O0107 7 | 
950 final | 23-5 18-1 0-0358 25-1 0-0383 25-7 
| | 00-0036 | 
| 
= 


| 0-0347 | 


TABLE [X.—Reduction of Mixture of Iron Ore C plus Coke at Increas- 
ing Temperatures. Loss of Weight, Diagrams 33 and 34. 





Loss from Diagram. Loss by Weighing. 


Tempera- . ‘aoa e id ieiiaianibeay as 





. Weight. ” | 
Diagram. G. tare. | Reduction. | | 
| a | a. — Gramme. %, 
| Mm. | Gramme. %. 
33, 34 | 0-2042 150-200 | | 
200 2-8 —0:3 | | 

} 400 | 25 ~~ «| 0-4 | | 

| 600 2-8 —0-4 | | 

| 800 | 4-2 06 | O-*OO11 | 0-8 
950 | 6-7 25 | 0-0047 3-5 
950 final 23-6 19-4 | 00-0363 27-0 | 0-0378 27-6 


| } | | | —0-0006 | 


| | 0-0372 | | 


Diagrams 32 and 34, giving the true reduction loss, have been 
constructed after deduction of the respective corrections as found 
in the preliminary tests. 

The results for the reduction loss are comparable for the different 
iron ores if tested under the same conditions, and the percentage 
reduction can be found from the chemical analysis of the reduced 
materials. 

In this paper the stathmographic method has been described 
as a simple method to establish the reducibility of different iron 
ores, and, as already shown in the literature, this knowledge has 
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been made use of in blast-furnace practice in lowering the fuel 
consumption by choosing certain mixtures of the different iron ores. 

The investigation of the two iron ores brought forward as an 
example in this paper is only a part of a research on the 
reducibility of different iron ores, in which already more than 250 
graphs have been made with the stathmograph. For instance, the 
influence of a high content of about 30% of SiO, in an iron ore 
and other factors have been studied. 


The authors desire to express their thanks to Professor J. 
Stérba-Béhm, D.Sc., and to Professor J. Splichal, D.Sc., for help- 
ful advice and interest. The chemical analyses published in this 
paper and previous metallurgical experiments have been made in 
the Institute of Inorganic and Analytical Chemistry of the State 
College of Mining and Metallurgy in Pribram, Czechoslovakia. 
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CORRESPONDENCE. 


Dr. R. VonDRAGEK (Brno, Czechoslovakia) wrote that he wished 
to express his appreciation of the accuracy of the experimental 
work attained by the authors. The evaluation of the true loss of 
weight by the stathmograph was a delicate procedure, as several 
other changes were to be determined and taken into consideration. 
Of course, the use of a photographic time recorder would be of value 
only in cases where more information was given by the records than 
by the simple weighing method. 

He believed that the authors expected to get more expressive 
results than those actually obtained, and that they were a little 
disappointed to find (as they said) that there were no obvious 
differences between the rates of reduction of the difficultly reducible 
magnetite and of the easily reducible siderite. Of course, it was to 
be observed that the reactivity which the authors had in mind— 
i.e., the reducibility by a gas current in a blast-furnace—had no 
direct relation to the reaction between solids. On the other hand, 
it could not be overlooked that in the present work the action of the 
gases was not excluded, and that one was not dealing with a pure 
reaction between solids. The carbon monoxide formed in the 
reaction vessel acted as a transmission agent for oxygen. 

It seemed that the authors were very cautious in drawing 
conclusions from the time records, and that in their modesty they 
did wrong to the resulting graphs, when they asserted that there was 
no obvious difference between the rates of reduction of the two ores. 

Considering first diagrams 26 to 30, indicating the loss of weight 
of ore-coke mixtures at constant temperatures of 1050° and 1100° C., 
three parts were distinguishable in the curves. The first, steep part 
corresponded in each curve to the reduction process. The second, 
horizontal part, which was rather short, should indicate a state 
in which no change took place, except for the penetration of air 
into the reaction vessel. The third, moderately steep part was 
a problem; it might correspond to a slow reduction of silicates of 
iron or to the reduction of manganese, but it could be due also to a 
slow oxidation of the remaining carbon by air. Now, in com- 
paring diagram 26 with 29 or diagram 27 with 30, one could not 
fail to notice that the first steep parts were by no means identical. 
For instance, at 1100° C. the magnetite required about 20 min. for 
reduction, whilst that of siderite came to an end in only 7 min. 
That proved that the pronounced reactivity of roasted siderite 
asserted itself even in the reaction with solid carbon, provided that 
the reaction vessel contained reactive gases. 

Now td interpret diagrams 32 and 34, indicating the loss of weight 
of ore-coke mixtures at increasing temperatures. The point of 
interest was the position of the point at which the vapour pressure of 
the system iron-oxide/carbon became equal to 1 atm. By using 
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the approximate Nernst equation it was found that in the reaction 
FeO + C = Fe + CO the carbon monoxide attained the pressure 
of 1 atm. at about 700°C. In the well-known diagram of Matsubara 
the point of nonvariance for iron, FeO, Fe,C, carbon and gas was 
given at 695° C. Bone, Reeve, and Saunders ! found that at 750° C. 
carbon was already a powerful reducing agent in regard to Fe,O,. 
Diagrams 32 and 34 revealed that the reduction of roasted siderite 
was observable at 700° C. and that of magnetite at about 750° C. 
He did not wish to discuss whether that difference was due to the 
higher degree of oxidation of roasted siderite or to the porosity of 
this material. But the fact that in the further course of reduction 
the roasted siderite was reduced also more readily than the magnetite 
was not surprising, because Fe,0, formed carbon monoxide more 
readily than Fe,0, and the action of CO as a transmitting agent for 
oxygen was aided by the porous structure of the ore. 

These considerations showed that the method proposed by the 
authors might be quite useful in the investigation of reduction 
properties. ‘The authors were to be congratulated. 


AUTHORS’ REPLY. 


Dr. Dosner, in reply, wrote that the primary object of the 
present investigation of the reduction of iron ores was to show the 
usefulness, adaptability, and resulting accuracy of this stathmo- 
graphic method of research. In the present paper only a small 
part of the investigation of iron ore reduction already performed by 
the authors had been published, but further work on these lines 
had been done to confirm the different conclusions drawn on the basis 
of the present work. 

The authors agreed with Dr. Vondratek. They would emphasise 
that the statement made in the paper that there were no obvious 
differences between the rates of reduction of the difficultly reducible 
magnetite and the easily reducible siderite was based on experi- 
ments with ores of fine grain size (80-mesh), and that the differences 
actually observed under the given physical conditions were of no 
real importance. Experiments had also been made with material 
of large grain size, but, as mentioned above, the results were not 
published in the present paper. 

The authors desired to express their thanks to Dr. Vondratek 
for his very kind remarks and for his valuable comments which 
suggested other lines along which this research might be carried out. 


. 
1 Journal of the Iron and Steel Institute, 1930, No. I., p. 47. 
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FOURTH REPORT OF THE CORROSION 
COMMITTEE. 


By a JOINT COMMITTEE orf tue Iron anv STEEL INSTITUTE AND THE 
British IRON AND STEEL FEDERATION TO THE IRON AND STEEL 
InpustTRIAL RESEARCH COUNCIL. 


Tuts Report is published as Special Report No. 13; it was 
presented at the Autumn Meeting of the Iron and Steel Institute 
held in Diisseldorf, Germany, on September 21, 1936. 





SUMMARY. 


Section A of this Report is introductory, giving the constitution 
of the Committee and a description of the contents of the present 
Report. 

Section B is devoted to a discussion of various problems bearing 
on the corrosion of iron and steel in the light of the Committee’s 
experimental results and of available knowledge. 

Section C consists of an account by J. C. Hudson of the progress 
of the Committee’s field tests on atmospheric corrosion. There are 
now three series of materials under test, including ordinary mild 
steel, two copper-bearing mild steels, ingot iron, and various wrought 
irons, together with several low-alloy high-tensile structural steels. 
Quantitative results are now available for the corrosion of unpainted 
specimens exposed for up to five years at several of the Committee’s 
fourteen corrosion stations, and observations on painted specimens 
of the various materials are also reported. In general, the data 
indicate what are to be taken as the normal rates of corrosion of 
ordinary ferrous metals when freely exposed to the atmosphere in 
various parts of the world, and they also bring out certain differences 
in the behaviour of the individual materials, in both the unpainted 
and painted conditions. 

Section D deals with the Committee’s investigations of marine 
corrosion, which have been considerably extended since the publica- 
tion of the last Report. Further observations on the steel plates built 
into the barge Cactus are reported by J. C. Hudson and T. A. 
Banfield. These confirm that, in a craft of this type, variations in 
the surface condition of the plates are of less significance in determin- 
ing corrosion than mechanical damage arising fortuitously as a 
result of the conditions of service. With this limitation, there is 
evidence that plates painted with white lead while still hot at the 
mill show to advantage, and this may possibly be the case also for 
sandblasted, as compared with weathered plates. 

1936—ii RR 
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The same investigators also present a report on the preparation 
and fabrication of 28 plates built into H.M.S. Basset, together 
with observations of their behaviour in service. The surface con- 
ditions of the piates prior to the initial painting were varied, and there 
is evidence that plates painted with white lead at the rolling-mill 
while still hot have behaved rather better than those in various 
other conditions. 

Preliminary corrosion tests on specimens immersed in sea-water 
at Gosport are also reported. The results show that the corrosion 
rate varies with the depth of immersion. Moreover, on the as-rolled 
specimens the attack was limited to about 15% of the total area, 
with the result that the rate of corrosion in these areas was high, 
being equivalent to 0-046 in. per annum. 

Particulars dre also given of the results of inspections of Q.S.S. 
Mauretania on demolition after 28 years’ service, the oil-tanker 
S.8S. Pass of Melfort, and H.M.S. Niger. 

An examination of a steel pontoon by R. H. Myers and T. A. 
Banfield after nearly 3 years in service at Gosport revealed that 
corrosion had caused little appreciable deterioration. The plates 
had been pickled, and the pontoon given two coats of tar before 
being put into service ; this may be regarded as satisfactory practice. 

Section E includes those papers reporting work carried out by 
or submitted to the Laboratory Research Sub-Committee. The 
first of these is by W. H. Hatfield, H. T. Shirley, T. Swinden, W. W. 
Stevenson, J. C. Hudson, and T. A. Banfield, describing subsidiary 
corrosion tests on low-alloy structural steels. The results of labor- 
atory corrosion tests by the intermittent-spray method conducted 
in three different laboratories on eight structural steels, chiefly of the 
high-tensile semi-alloy type, have proved disappointing, and have 
shown that this type of test, as at present used, does not give a 
satisfactory indication of the relative resistance of different steels 
to atmospheric corrosion. Better, though still imperfect, correlation 
was observed between short-period atmospheric field tests extending 
over 4 weeks and similar long-period tests lasting for a year. In the 
latter, the orders of merit deduced by the three laboratories were in 
excellent agreement, and the results show that the presence of 1% 
of chromium in mild steel increases its resistance to atmospheric 
corrosion, but probably not to quite the same extent as the addition 
of a small percentage of copper. The effects of chromium and copper 
are supplementary but not additive, i.e., whilst copper-chromium 
steels are more resistant to atmospheric corrosion than ordinary 
copper steels, the difference in the behaviour of these two types of 
steel is not so pronounced as that between copper-begring and ordin- 
ary steel. Experiments on specimens exposed with rolling scales 
resulting from different rolling procedures are described. The roll- 
ing procedure was found to affect the rate at which the specimens 
rusted and the actual losses in weight oberved after a year’s 
exposure, although its effect on the latter was not very pronounced. 
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Atmospheric rusting and descaling of steel are dealt with by 
R. 8S. Thornhill and U. R. Evans. To test the assumption, which has 
sometimes been made, that the rust-covered area on steel exposed 
outdoors represents the area from which scale has become detached, 
the various areas were measured on specimens exposed for different 
periods. It was found that the rust-covered area was much larger 
than that over which the scale had become modified, and very much 
larger than that over which it had become detached. Different 
series exposed on different dates lost scale at different rates and by 
two different modes of descaling (“ peeling’ and “ wart-pro- 
duction ’’). 

A note on the relative efficiency of restrainers in the pickling 
of carbon steels is presented by T. Swinden and W. W. Stevenson. 
In the present study, experiments were carried out to determine (a) 
the relative efficiency of restrainers in new baths containing two 
different concentrations of sulphuric acid, (b) the relative life of 
restrainers in sulphuric acid pickling, and (c) the value of restrainers 
in hydrochloric acid pickling. The specimens used were cut from 
a coil of hot-rolled strip. Seven proprietary restrainers and two 
products of coal-tar distillation were employed as inhibitors. The 
results obtained indicate the necessity for efficient restraining in 
pickling with hot sulphuric acid, and that the “life” of the 
restrainers requires consideration. In the case of pickling with 
cold hydrochloric acid, the rate of attack on the metal is very small 
in the absence of any restrainer; however, certain restrainers are 
capable of reducing this slow rate almost to zero. 

Subsidiary field tests at Birmingham and Farnborough on 
painted and unpainted specimens are reported by J. C. Hudson. 
At Birmingham, after four years’ exposure, all the specimens that 
were painted over a pickled surface are, apart from slight discolora- 
tion of the paint in some cases, in perfect condition, irrespective 
of the type of paint applied ; they are markedly superior to specimens 
painted over a weathered surface. The results also illustrate the 
benefit of using a paint of an inhibitive type as primer, and show 
that some advantage has accrued by washing and/or heating 
weathered surfaces prior to painting. At Farnborough the painted 
specimens are still in reasonably good condition after five years’ 
exposure, and there is little to choose between specimens painted 
in the ground or in the pickled conditions, whether with or without 
a short exposure to the weather. Painted specimens of austenitic 
chromium-nickel steel are, however, in better condition than those 
of ordinary ferrous materials, amongst which painted specimens 
of wrought iron are rather better than those of the others. In tests 
on unpainted ground specimens at Birmingham, austenitic 18/8 
chromium-nickel steel was practically unaffected after five years’ 
exposure. Staffordshire wrought iron, rail steel, and two copper- 
bearing steels containing 0-2 and 0-5% of copper, respectively, had 
all lost about 20% less weight than ordinary mild steel, which had 
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corroded at an average rate of 0-0013 in. per annum. Ingot iron 
was 25% more corroded than mild steel. The results of the tests 
on unpainted specimens at Farnborough are in quantitative agree- 
ment with those at Birmingham, with the exception of those for 
the wrought iron, which, whilst still superior to the ordinary mild 
steel, suffered relatively rather more corrosion at the former station. 

Further results of the tests undertaken in various laboratories 
on the changes in the mechanical properties of hard-drawn steel 
wire on ageing are reported by J. C. Hudson. Determinations 
of the breaking load of hard-drawn mild-steel wire, made in six 
different laboratories, showed that the average value had increased 
on ageing for two years, in the case of both 3} and 10 S.W.G. wires. 
The results of determinations of the percentage elongation were 
less definite, and showed no appreciable change between one and 
two years, although the value for the 3} S.W.G. wire has probably 
decreased since the tests commenced. 

Further work effected at Teddington on the design of laboratory 
corrosion tests is described by G. D. Bengough and F. Wormwell. 
The paper describes standard corrosion tests in stagnant or slowly- 
moving neutral salt solutions under atmospheric and higher pressures 
of oxygen and air. It is suggested that a system of standard 
tests should be devised in order to characterise materials and to 
make possible comparisons between the results of different investi- 
gators. The objects of, and the conditions necessary for, standard 
tests are discussed in detail, and the nature of the corrosion/time 
curves obtained in such tests is described. It is shown that experi- 
ments in stagnant solutions under high pressures of oxygen give 
corrosion /time curves similar in form and slope to those obtained 
in slowly-moving solutions at ordinary atmospheric pressure. It 
is, therefore, possible to carry out experiments under strictly- 
controlled conditions at high pressures which will give corrosion 
rates as high as, or higher than, those found in practice in slowly- 
moving waters. Such tests at high pressure are useful accelerated 
tests. Taking as a basis the corrosion rates in stagnant solutions 
in vessels 4-4 cm. in dia., the high-pressure tests accelerate corrosion 
53 times in NV/2 NaCl at 5 atm. of oxygen in vessels 9-4 cm. in dia., 
29 times in Teddington tap-water at 5 atm. of oxygen in vessels 
4-4 em. in dia., but only 5-6 times in natural sea-water at 5 atm. 
of oxygen in vessels 4-4 cm. in dia. The last result is in line with 
previous work, which has shown that the corrosion rate of mild steel 
in sea-water is increased only slowly by large increases in the rate of 
oxygen supply. Measurements have been made of the rate of 
maximum penetration of corrosion into the metal, amd these show 
accelerations with increased pressures of an order similar to the 
observed increases of corrosion rates. 

In Section F an outline is given of the proposed investigations 
of the Sub-Committee on Protective Coatings. 

Section G consists of a summary of memoranda and other 
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information submitted to the Committee. Details are given of some 
industrial tests, which show that, after a period of eight years’ 
exposure to the atmosphere, copper-bearing steel plates had lost 
from 40 to 50% less in weight than ordinary ones. As regards the 
effect of copper in steel on its corrosion rate, data furnished by the 
Great Western Railway tend to show that, whilst its presence in steel 
rails is definitely advantageous in reducing wastage when they are 
laid in the open, its effect is by no means so pronounced in tunnel 
atmospheres. Examples of corrosion occurring in a beet sugar 
factory and on railings exposed to sea action, respectively, are also 
described. 
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FIRST REPORT OF THE ALLOY STEELS 
RESEARCH COMMITTEE. 


By a JOINT COMMITTEE orf tHe Iron AND STEEL INSTITUTE AND THE 
British IRON AND STEEL FEDERATION TO THE TRON AND STEEL 
INDUSTRIAL RESEARCH COUNCIL. 


Tuts Report is published as Special Report No. 14; it was 
presented for discussion at the Additional Sessions of the Autumn 
Meeting of the Iron and Steel Institute held in London on October 30, 
1936. As arrangements have been made for it to be discussed 
further at a Joint Meeting, to be held during the winter months, 
the publication of the discussion and correspondence, and the 
Committee’s reply, has been deferred until it is possible to deal with 
them comprehensively. They will be published as Special Report 
No. 144, a supplement to Special Report No. 14 which contains 
the Report itself. 





SUMMARY. 


Section I. is introductory in character, and deals with the 
constitution of the Committee, the definition of alloy steels, the aims 
and objects of the Committee, the programme of research, and the 
work presented in this Report. For the purpose of their researches, 
the Committee have adopted the following arbitrary definition : 
“Carbon steels are regarded as steels containing not more than 
1-5% manganese and 0-5%, silicon, all other steels being regarded 
as alloy steels.” 

In Section IT. of the Report, W. H. Hatfield deals with research 
as regards alloy steels, the theme being the great need for an ex- 
tension of fundamental knowledge and for the postulation of 
empirical laws which may be useful in guiding experiment in the 
alloying of the elements with iron. 

In Section III. the atomic arrangement in alloys is discussed, 
and an account is given by L. Rotherham of a series of three lectures 
delivered by W. L. Bragg at the Royal Institution. An outline is 
given of present knowledge of the order-disorder change in the 
atomic arrangement, how this knowledge has been gained, and the 
effects on physical properties. The theoretical side of the work is 
referred to, and is important, since the change is to some extent 
similar to allotropic changes and fusion, and may lead to a better 
understanding of these changes. 

In Section IV. the present position as regards the iron-carbon- 
chromium system is dealt with by J. H.G. Monypenny. Alloys of 
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iron, chromium, and carbon have been the subject of many investi- 
gations, because chromium is one of the most widely used alloys 
in ferrous metallurgy, some of the effects it produces being unique. 
In spite of this, a great deal of information regarding the ternary 
diagram is lacking and many of the existing data require confirm- 
ation. In this memorandum the present position is reviewed, 
and indications are given where further information is required. 

In Sections V. and VI. knowledge extant relative to the iron- 
nickel system and the alloys of iron and sulphur are dealt with by 
C. H. Desch. 

In Section VII. J. H. Andrew and C. G. Nicholson present a 
paper on the cobalt-iron system, dealing entirely with the equilibrium 
diagram of the system. This diagram is of the peritectic type with 
transformations in the solid. The results of this work agree very 
well with the latest Japanese diagram, only departing from it in 
certain details. One interesting feature which has still to be 
further investigated has reference to a transformation in the 50°, 
alloy, representing the minimum point in the liquidus-solidus 
curve; at this composition the liquidus and solidus coincide. 
X-ray investigation has been undertaken, and is reported in an 
Appendix. 

In Section VIII. W. R. Maddocks and G. E. Claussen describe 
researches on (i) the iron-copper system. The diagram presented 
is similar to other diagrams that have been published, and liquid 
immiscibility in the system has not been found to exist. A more 
detailed examination of the eutectoid region of the system is now in 
progress. (ii) The iron-copper-carbon system. It has been found 
that the liquid immiscibility reported by previous authors is due 
to the presence of impurities, particularly carbon. The extent of 
the miscibility gap has been determined and work is proceeding 
on the eutectoid region. (iii) The iron-cobalt-copper system. Of 
the problems presented by the diagram, three appeared outstanding : 
(a) Do the inflected liquidus curves of the binary copper systems 
induce liquid immiscibility in the ternary triangle? (6) Does the 
gamma solid solubility curve display anomalous behaviour in the 
neighbourhood of the composition corresponding to the compound 
FeCo? (c) To what extent is the minimum in the iron-cobalt 
liquidus propagated into the ternary liquidus surface? Within the 
narrow limits: of the experimental programme evolved, satisfactory 
answers to the above questions have been obtained. There is no 
liquid immiscibility, nor is there unexpected behaviour suggestive 
of compound formation in the gamma solubility. The minimum 
on the iron-cobalt liquidus is obliterated by the addition of 50°, 
of copper. 

In Section IX. P. B. Henshaw presents the First Report of the 
Thermal Treatment Sub-Committee. In IX. (A) will be found the 
Introduction. In IX. (B) G. Stanfield deals with the temperature 
distribution and stress effects in the heating of masses. The im- 
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portance of the subject of the heating of steel masses will be recognised 
when it is considered that reheating must be employed as a prelimin- 
ary to forging and rolling operations as well as for various heat- 
treatment operations. The author discusses the factors influencing 
the rate of heat absorption and penetration, and indicates the 
varying effect in large masses as compared with small ones. It is 
pointed out that internal stresses set up within the mass are im- 
portant in the early stages of heating. Various curves and data 
are quoted from experimental work and from thermal calculations 
illustrative of practical operations. 

In Section [X. (C) T. F. Russell in his paper on some mathe- 
matical considerations on the heating and cooling of steel, deals with 
the conduction of heat through plates, circular and rectangular bars, 
finite cylinders, and rectangular blocks for each of three sets of 
surface conditions. Many numerical data are given from which 
theoretical heating or cooling curves may be drawn—these curves 
being essential for the interpretation of practical results, and the 
easy application of one set of practical results to the heating and 
cooling of other shapes and sizes. 

In Section X. overheating and burning in alloy steels is the 
subject-matter of G. Wesley Austin’s research. This report deals 
essentially with certain forgings in nickel-chromium-molybdenum 
steel. A general survey of the subject of “ overheating ’’ is given, 
followed by results of the examination of forgings which had given 
unsatisfactory fractures. The general characteristic of such frac- 
tures is the presence of small areas described as “ matt” surfaces. 
The experimental work carried out leads to the conclusion that this 
appearance is associated with overheating during some stage of 
production, since it was found possible to reproduce it in otherwise 
good material which had been reheated to a temperature of 1350° C. 
or over. As a result of tests of vessels under internal pressure and 
by other methods it is concluded that not all forgings showing this 
feature in the fractures are unserviceable, but such forgings should 
be looked upon with suspicion. A criterion for satisfactory ductility 
is suggested. 

In Section XI. an account is given of researches by A. Preece, 
G. T. Richardson, and J. W. Cobb on the scaling of steels in sulphur- 
free and sulphur-containing furnace atmospheres. Work previously 
carried out has dealt with laboratory experimental work on the 
scaling of steels in furnace atmospheres resulting from the com- 
bustion of different fuels. In those experiments, the same mild 
steel was used throughout. In the work now described, the survey 
has extended to a number of alloy steels, so as to determine the in- 
fluence of varying the composition of the metal on the amount 
of scale obtained. Moreover, particularly in connection with sul- 
phur, the nature of the attack of the atmosphere on the metal has 
been studied by metallographic methods. It has been found that 
in an atmosphere consisting of 80°, nitrogen, 10°, carbon dioxide, 
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and 10% steam at 1000° C.: (a) the rate of scaling of plain carbon 
steels decreases progressively as the carbon content of the metal 
increases, but when sulphur dioxide is present in the atmosphere, 
the rate of scaling is considerably increased and is unaffected by the 
carbon content of the metal; (b) the resistance to scaling conferred 
on the metal by the alloying element in a 4% silicon steel is com- 
pletely destroyed when sulphur dioxide is admitted to the 
atmosphere. This is also true for a 12°, chromium and a 5% nickel 
steel, but with an 18% chromium, 8°, nickel steel, the resistance 
to scale formation is unaffected by the addition of sulphur dioxide. 

Section XII. contains a paper by J. H. Andrew and D. Swarup 
on the influence of phosphorus on the tensile and shock-resisting 
properties of certain alloy steels, dealing with steels of a carbon 
content varying between 0-07% and 0-22%, and containing phos- 
phorus between 0-15% and 0-25%. A phosphorus content of this 
percentage in the absence of alloying elements invariably gives a 
low impact value. It was found, however, that by adding small 
amounts of copper and chromium and killing the ingot with 0-2% 
of aluminium, steels could be produced possessing enhanced prop- 
erties due to the high phosphorus content, with an impact value 
of 90 ft.lb. Several steels giving excellent mechanical properties 
were obtained after making a great many samples of varying com- 
positions. Further, a means of separating the phosphorus in 
solution and the phosphorus in the free state was devised, and it 
was found that it was the phosphorus in solution in these steels 
which gives rise to the low Izod impact value. Provided that the 
alloying elements are suitably chosen and in correct quantities, 
steels can be produced in which the whole of the phosphide separates 
out with the sorbite, and in this way the phosphide particles will 
act similarly to the carbide particles. Experiments on corrosion 
show that the steels having these good mechanical properties 
possessed a considerable resistance to atmospheric corrosion, the 
deposit which formed upon them being smooth and adherent and 
serving to protect the underlying metal. Steels of this character 
were readily cold-rolled into sheet and possessed high Erichsen 
values. A considerable part of this paper is devoted to the etching 
of these phosphorus alloy steels, for it was found that special 
methods of etching were necessary in order to bring out the structures. 
Another interesting feature relates to the heat treatment. All the 
steels were normalised, and this was often found to be very critical, 
as the normalising temperature was too high. The impact value 
decreased, but the critical nature of the normalising treatment was 
very much less in the steels eventually made with the addition of 
0-2% of aluminium, which produced the best mechanical properties. 

In Section XIII. abstracts are given of three papers, provided 
under the exgis of the Committee for the Chemical Engineering 
Congress of the World Power Congress, 1936, dealing with the sub- 
ject of steel and its application in the chemical and allied industries. 
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SECOND REPORT OF THE 
STEEL CASTINGS RESEARCH COMMITTEE. 


By a JOINT COMMITTEE or THE Iron ANp STEEL INSTITUTE AND THE 
British IRON AND STEEL FEDERATION TO THE IRON AND STEEL 
INDUSTRIAL RESEARCH COUNCIL. 


Tuts Report is published as Special Report No. 15; it was 
presented for discussion at the Additional Sessions of the Autumn 
Meeting of the Iron and Steel Institute held in London on October 
30, 1936, which was a Joint Meeting with the Institute of British 
Foundrymen. As arrangements have been made for it to be dis- 
cussed further at a Joint Meeting, to be held during the winter 
months, the publication of the discussion and correspondence, and 
the Committee’s reply, has been deferred until it is possible to deal 
with them comprehensively. They will be published as Special 
Report No. 15a, a supplement to Special Report No. 15 which 
contains the Report itself. 





SUMMARY. 


Section I. is introductory in character. The personnel of the 
Committee, and also the members and terms of reference of the Sub- 
Committee on Moulding Materials are recorded, and the contents of 
the present Report are indicated. 

Section II. contains a paper by R. H. Greaves on the properties 
of steel which affect the quality of steel castings. The first part of 
this paper contains a summary of existing information on the dimen- 
sional changes which occur in iron and steel as the metal cools from 
the liquid condition to atmospheric temperature, and on the strength 
and ductility of the steel at temperatures near the melting point. 
The second part deals with fluidity, with special reference to the 
practical interpretation of the results of fluidity tests. The spiral 
test is considered most suitable. In practice the effective head of 
metal and the rate of pouring have an influence which may over- 
shadow differences in fluidity measured by the spiral test. The 
influence of viscosity, surface tension, surface oxide films, and sus- 
pended inclusions on fluidity is discussed. Fluidity is more likely 
to be influenced by surface oxide films and by suspended inclusions 
than by other physical properties. In the course of the paper a 
description is given of a number of experimental observations bearing 
on the questions under discussion. 

The fluidity of iron-carbon and other iron alloys is dealt with by 
J. H. Andrew, R. T. Percival, and G. T. C. Bottomley in Section ITI. 
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This paper is an attempt to supply some useful data on the subject. 
The condition of flow or the fluidity of iron-carbon alloys, and steels 
containing special elements, has been the subject of many investiga- 
tions, but the results of many workers in this field have not been 
sufficiently concordant. In the present investigation a mould was 
made of such material that like conditions could be obtained for 
every casting. The weight of the head of metal was controlled by 
an overflow, so that the only varying factors were the arbitrarily 
chosen ones of temperature and composition. The length of the 
spiral cast is thus a direct measure of the fluidity. From the 
scientific standpoint the interest of these results lies in the fact that 
it has been found that the fluidity is directly related to the liquidus 
and solidus ranges and the form of the liquidus and solidus of the 
various systems, and whilst an increase in temperature invariably 
gives rise to an increase in fluidity, temperature itself is not the 
most important factor. This gives an added value to equilibrium 
diagrams in general. 

In Section IV. H. F. Hall presents the results of an investigation 
of the strength and ductility of cast steel during cooling from the 
liquid state in sand moulds. To meet the need for more knowledge 
of the properties and behaviour of cast steel during cooling in the 
mould, apparatus has been devised for making tensile tests on cast- 
ings under such conditions. The tests are performed in rapid 
succession immediately after pouring, and the results are related to 
the temperature in a manner depending on the rate of cooling of the 
casting and the controlled time intervals between the tests. Pre- 
liminary experiments were made to determine details for the design 
of the special mould and testing apparatus required. The apparatus 
consists of a testing machine of special construction with a continuous 
load recorder on which the mould is mounted before pouring the 
metal, and of means for recording the temperature of the casting 
continuously during the tests. The rate of cooling of the castings 
was determined for both the core and skin of the l-in. dia. test- 
pieces, and at 50 sec. after pouring, when the maximum rate of 
cooling after solidification was reached, the temperature difference 
between the core and skin was about 45° C. The effect of latent 
heat evolution in delaying the fall of temperature persisted in dimin- 
ishing degree for about 20 sec. after complete solidification. Steels 
covering a wide range of compositions have been tested under similar 
conditions with test-pieces 1 in. in dia. and a rate of strain of 0-21 
in. per sec. With some exceptions, in which the carbon content 
was less than 0-2%,, there was no ductility in the range of temperature 
between freezing point and 1300° C.; below 1250° C»some ductility 
occurred in all the steels examined, with elongation varying between 
wide limits at similar temperatures for different compositions. 
The strength of the steels before 5° elongation was recorded gener- 
ally exceeded 0-8 ton per sq. in. Steels with about 0-1% of carbon 
or less were ductile at temperatures above 1400° C. while possessing 
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a strength of less than 0-25 ton per sq.in. The range of temperature 
below the solidus through which the steel must cool before appreciable 
ductility (i.e., 5°%, elongation) is attained, was found to be greatest 
for 0-2% carbon steel. Small alloy additions produced effects 
on the strength and ductility which cannot at present be dissociated 
from those resulting from a variation of carbon content, but a steel 
containing high phosphorus showed a very low strength and ductility. 
The effect on medium-carbon steel of increasing the rate of strain 
from 0-05 to 1-0 in. per sec. was an increase of recorded strength and 
elongation at a given temperature, which emphasises the necessity 
for taking this factor into account. At 1325° C. the ultimate 
stresses recorded for the two rates of strain were 0-35 and 0-95 ton 
per sq. in.; a small elongation was recorded at the high rate, but 
none at the slow rate of strain. The conditions of testing are such 
that an abnormal influence may be present in any particular cast, 
and many of the results need confirmation by additional tests before 
they can be regarded as truly representative. Some of the results 
are, therefore, presented subject to such confirmation, but it is con- 
sidered that their inclusion is justified by the indication they provide 
of the type of information it is possible to secure by the special 
means adopted. 

Section V. contains a paper by W. J. Rees, which relates to the 
work of the Moulding Materials Sub-Committee, while the present 
position of the radiological examination of steel castings is dealt with 
by V. E. Pullin in Section VI. 
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VISITS AND EXCURSIONS AT THE 
DUSSELDORF MEETING. 





THE Autumn Meeting of the Institute took place in Diisseldorf, 
Germany, during the week commencing Monday, September 21st, 
1936, at the cordial invitation of the Verein deutscher Eisenhiitten- 
leute, acting on behalf of the German Iron and Steel Industries. 

An influential Reception Committee had been formed to receive 
the visitors; it was composed of the following gentlemen : 


RECEPTION COMMITTEE. 
Chairman : 
THE PRESIDENT OF THE VEREIN DEUTSCHER EISENHUTTENLEUTE, General- 
direktor Dr.-Ing., Dr.-Ing.E.h. Fritz SprRrincoruM, Vorsitzender des Vorstandes 
der Hoesch-K6ln Neuessen A.-G. fiir Bergbau und Hiittenbetrieb, Dortmund. 


Members : 


AsBECcK, Gustav, Dr.-Ing.E.h., Direktor der Maschinenfabrik Sack G.m.b.H., 
Diisseldorf-Rath. 

AuMANN, Emit, Generaldirektor, Halberger Hiitte G.m.b.H., Brebach (Saar). 

BARTSCHERER, FRANZ, Hiittendirektor Dr.-Ing.E.h., Vorstandsmitglied der 
August-Thyssen-Hiitte A.G., Duisburg-Hamborn. 

Bernpt, Ernst, Dr.-Ing.E.h., technischer Direktor und Mitglied des Vor- 
standes der Schiess-Defries A.-G., Diisseldorf. 

BeERvVE, HErnricu, Hiittendirektor Dipl.-Ing., Vorstandsmitglied der Kléckner- 
Werke A.-G., Hagen-Haspe. 

Buank, Orto, Konsul, Mitglied des Vorstandes der Demag A.-G., Duisburg. 

B6HRINGER, EuGeNn, Geheimer Landesbaurat Dipl.-Ing., Dr.-Ing.E.h., 
Generaldirektor der Eisenwerkgesellschaft Maximilianshiitte, Sulzbach- 
Rosenberg-Hiitte. 

BorBet, WALTER, Generaldirektor Dr.-Ing.E.h., Bochumer Verein fiir 
Gussstahlfabrikation A.-G., Bochum. 

BranpvI, Ernst, Bergassessor Bergwerksdirektor Dr.-Ing.E.h., Vorsitzender 
des Vereins fiir die bergbaulichen Interessen, Essen. 

Brecut, Gustav, Geheimrat, Vorsitzender des Vorstandes der Rheinischen 
A.-G. fir Braunkohlenbergbau und Brikettfabrikation, K6ln. 

BRUNINGHAUS, ALFRED, Hiittendirektor Dipl.-Ing., Vorstandsmitglied der 
Hoesch-K6ln Neuessen A.-G. fiir Bergbau und Hiittenbetrieb, Dortmund. 

Esser, HEINRICH, Hiittendirektor, Mitglied des Vorstandes der Deutschen 
Roéhrenwerke A.-G., Diisseldorf. 

FLORIAN, FRIEDRICH KarL, Gauleiter, Staatsrat, Diisseldorf. 
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Geum, Herz, Direktor Dr., Deutsche Edelstahlwerke A.-G., Krefeld. 

GILLHAUSEN, W. G., Hiittendirektor Dr.-Ing., Mannesmannréhren-Werke, 
Abt. Heinrich-Bierwes-Hiitte, Duisburg-Huckingen. 

GoOERENS, Pau, Professor Dr.-Ing., Dr.phil.h.c., Mitglied des Direktoriums 
der Fried. Krupp A.-G., Essen. 

Grosse, Karu, Generaldirektor Dr.-Ing.E.h., Vorsitzender des Vorstandes 
der Hiittenwerke Siegerland A.-G., K6ln-Deutz. 

Grtn, Ricnarp, Professor Dr.phil., Direktor des Forschungsinstituts der 
Hiittenzementindustrie, Diisseldorf. 

Haake, Hetnz, Landeshauptmann der Rheinprovinz, M.d.R., Diisseldorf. 

HENKEL, Huao, Chemiker Dr., Mitinhaber der Henkel & Cie. G.m.b.H., 
Diisseldorf. 

Hincger, ALFRED, Konsul, Gesellschafter der Bergischen Stahlindustrie, 
Remscheid. 

Kie1n, Hugo, Hiittendirektor Dr.-Ing.E.h., Vorstandsmitglied der Hiitten- 
werke Siegerland A.-G., Siegen. 

KLINKENBERG, ADOLF, Dr.-Ing.E.h., Dipl.-Ing., Vorsitzender des Vorstandes 
der Dortmund-Hoerder Hiittenverein A.-G., Dortmund. 

K1i6cKNER, PETER, Geh. Kommerzienrat Dr.-Ing.E.h., Haus Hartenfels bei 
Duisburg. 

K6RBER, FRIEDRICH, Professor Dr.-Ing.E.h., Dr.phil., Direktor des Kaiser- 
Wilhelm-Instituts fiir Eisenforschung, Diisseldorf. 

Krupp Von BoHLEN UND Hatwpacu, Gustav, Dr.jur., Dr.-Ing.E.h., 
Dr.phil.E.h., Dr.rer.pol.E.h., Essen-Hiigel. 

LAMARCHE, JULIUS, Hiittendirektor, Vorsitzender des Vorstandes der 
Deutschen Réhrenwerke A.-G., Diisseldorf. 

LuTHER, Friepricu, Generaldirektor, Vorstandsmitglied der Rheinmetall- 
Borsig A.-G., Diisseldorf-Derendorf. 

Lwowsk1, WALTER, Hiittendirektor Dr.-Ing., Fried. Krupp A.-G., Friedrich- 
Alfred-Hiitte, Rheinhausen/Ndrh. 

MAvLicx, Pav, Mitglied des Direktoriums des Stahlwerks-Verbandes A.-G., 
Diisseldorf. 

N61, ALBERT, Hiittendirektor, Vorstandsmitglied der Geisweider Eisenwerke 
A.-G., Geisweid. 

PETERSEN, Otro, Dr.-Ing., Dr.mont.E.h., Geschaftsfiihrendes Vorstands- 
mitglied des Vereins deutscher Eisenhiittenleute, Diisseldorf. 

PoENSGEN, Ernst, Generaldirektor Dr.-Ing.E.h., Vorsitzender des Vorstandes 
der Vereinigten Stahlwerke A.-G., Diisseldorf. 

PoENSGEN, HetmvutH, Direktor Dr.phil., Mitglied des Vorstandes der Vereinig- 
ten Stahlwerke A.-G., Diisseldorf. 

RaaBE, Kart, Dipl.-Ing., Vorstandsmitglied der Ilseder Hiitte, Peine (Hann). 

RevutTerR, Wouireanc, Dr.-Ing.E.h., Generaldirektor der Demag A.-G., 
Duisburg. 

R6CHLING, HERMANN, Kommerzienrat Dr.-rer.pol.h.c., Dr.-Ing.E.h., Vélklin- 
gen-Saar. 

Roxtannd, WatteR, Dr.-Ing., Direktor und Vorstandsmitglied der Deutschen 
Edelstahlwerke A.-G., Krefeld. 

RospeEck, Frirz, Dr.-Ing.E.h., Vorstandsmitglied der Mannesmannroéhren- 
Werke, Diisseldorf. 

SaEMANN, HERMANN, Dr.phil., Direktor der Gutehoffnungshiitte Oberhausen 
A.-G., Werke Diisseldorf und Sterkrade, Diisseldorf-Grafenberg. 

Scumip, C. Cu., Regierungsprasident Staatssekretar, Disseldorf. 

Scuutz, Ernst HrrRMANN, Professor Dr.-Ing., Direktor der Kohle- und 
Eisenforschung G.m.b.H., Forschungsinstitut, Dortmund. 

SPANNAGEL, ALBRECHT, Hiittendirektor Dipl.-Ing., Neunkircher Eisenwerk 
A.-G., vorm. Gebr. Stumm, Neunkirchen (Saar). 

STEINBERG, WILHELM, Dr.rer.pol., Hauptgeschaftsfiihrer der Bezirksgruppe 
Nordwest der Wirtschaftsgruppe eisenschaffende Industrie, Diisseldorf. 

ToauRt, Ericu, Generaldirektor, Neunkircher Eisenwerk A.-G., vorm. Gebr. 
Stumm, Neunkirchen (Saar). 
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TuHYSSEN, Fritz, Staatsrat Dr.jur.h.c., Vorsitzender des Aufsichtsrates der 
Vereinigten Stahlwerke A.-G., Milheim (Ruhr)-Speldorf. 

VécLER, ALBERT, Generaldirektor Dr-.Ing.E.h., Dr.phil.h.c., Dr.mont.E.h., 
Dortmund. 

WaGENER, ALFons, Direktor Dr.-Ing., Vereinigte Hiittenwerke Burbach- 
Eich-Diideiingen, Burbacher Hiitte, Saarbriicken. 

WacGeEnFUnr, H., Dr., Oberbirgermeister der Stadt Diisseldorf, Diisseldorf. 

WALpDRICH, Oskar, Dr.-Ing.E.h., Inhaber der Maschinenfabrik H. A. Waldrich 
G.m.b.H., Siegen. 

WALLMANN, CarL, Direktor, Deutsche Rohrenwerke A.-G., Werk Thyssen, 
Miilheim (Ruhr). 

WattTER, Kart, Kreisleiter Dipl.-Ing., Diisseldorf. 

WEITZEL, Fritz, Polizeiprasident Staatsrat SS.-Obergruppenfihrer, Diissel- 
dorf. 

Wirtz, ApoLr, Hiittendirektor Dr.-Ing.E.h., Vorsitzender des Vorstandes 
der Deutschen Eisenwerke A.-G., Milheim (Ruhr). 

Wist, Fritz, Geheimer Regierungsrat Professor Dr., Diisseldorf. 

ZANGEN, W., Generaldirektor, Vorsitzender des Vorstandes der Mannes- 
mannrohren-Werke, Diisseldorf. 

ZucKER, Kart, Dipl.-Ing., Président der Industrie und Handelskammer zu 
Diisseldorf, Diisseldorf. 


Hon. Secretary : 
PETERSEN, Orto, Dr.-Ing., Dr.mont.E.h., Geschaftsfiihrendes Vorstands- 
mitglied des Vereins deutscher Eisenhiittenleute, Diisseldorf. 


The arrangements of the details of the Meeting had been 
entrusted to the following Executive Committee : 


EXECUTIVE COMMITTEE. 
Chairman : 

THE PRESIDENT OF THE VEREIN DEUTSCHER EISENHUTTENLEUTE, General- 
direktor Dr.-Ing., Dr.-Ing.E.h. Fritz Sprincorum, Vorsitzender des Vor- 
standes der Hoesch-K6ln Neuessen A.-G. fiir Bergbau und Hiittenbetrieb, 
Dortmund. 


Members : 

Buank, Orrto, Konsul, Mitglied des Vorstandes der Demag A.-G., Duisburg. 

GOERENS, Pavt, Professor Dr.-Ing., Dr.phil.h.c., Mitglied des Direktoriums 
der Fried. Krupp A.-G., Essen. 

Kuen, Huco, Hiittendirektor Dr.-Ing.E.h., Vorstandsmitglied der Hiitten- 
werke Siegerland A.-G., Siegen. 

LAMARCHE, JULIUS, Hiittendirektor, Vorsitzender des Vorstandes der Deut- 
schen Rohrenwerke A.-G., Diisseldorf. 

MAULIck, Pavt, Mitglied des Direktoriums des Stahlwerks-Verbandes A.-G., 
Diisseldorf. 

PoENSGEN, Ernst, Generaldirektor Dr.-Ing.E.h., Vorsitzender des Vorstandes 
der Vereinigten Stahlwerke A.-G., Diisseldorf. 

ROHLAND, WALTER, Dr.-Ing., Direktor und Vorstandsmitglied der Deutschen 
Edelstahlwerke A.-G., Krefeld. 

Scuuz, E. H., Professor Dr.-Ing., Direktor der Kohle- und Eisenforschung 
G.m.b.H., Forschungsinstitut, Dortmund. 

V6cLER, ALBERT, Generaldirektor Dr.-Ing.E.h., Dr.phil.h.c., Dr.mont.E.h., 
Dortmund. 


Hon. Secretary : 
PETERSEN, Orto, Dr.-Ing., Dr.mont.E.h., Geschaftsfiihrendes Vorstands- 
mitglied des Vereins deutscher Eisenhiittenleute, Diisseldorf. 
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The result of the labours of the Reception Committees was 
a visit of great interest, for which every possible detail had been 
foreseen and provided for, and it is difficult to find suitable terms in 
which to express adequately the thanks of the visitors for the 
innumerable kind attentions bestowed upon them, for the excellent 
way in which they were entertained at the various Works and in 
other ways, and for the delightful and well-organised arrangements 
made for their comfort and convenience. 


It was much regretted that, owing to ill health, the President 
of the Institute, Sir Harold Carpenter, D.Sc., F.R.S., and Lady 
Carpenter, were unable to attend the Meeting. In his absence 
Mr. James Henderson (Hon. Treasurer), who was accompanied 
by Mrs. Henderson, had been appointed to take his place as Acting 
President. 


Sunday, September 20th.—The main party, numbering about 
270 members and their Ladies, left Victoria Station at 10.47 a.m., 
by special train for Dover, where they embarked on the steamer 
for Ostend. At Ostend Quay, thanks to the efforts of the officials 
of the Southern Railway and others, special arrangements had been 
made to facilitate the transfer of the baggage, and the party were 
able rapidly and conveniently to take their places in the special 
Pullman train which was to convey them to their destination, 
where they arrived at 11.45 P.M. 

In view of the special regulations applying in Germany with 


regard to the purchase of Register Marks, ten members of the staff 


of the Diisseldorf branch of the Commerz und Privatbank A.-G.., 
boarded the train at Aachen after the customs formalities had been 
completed, and supplied each member and Lady, on request, with 
150 Registered Marks, thus avoiding the necessity of a visit to the 
bank on the following morning before the commencement of the 
technical sessions, which were due to start at a fairly early hour. 

Monday, September 21st—The morning was devoted to the 
Opening Session of the General Meeting, which took place in the 
Stadtische Tonhalle. Generaldirektor Dr.-Ing., Dr.-Ing.E.h., Fritz 
Springorum, Chairman of the Reception Committee, and the 
Oberbiirgermeister of Diisseldorf (Dr. H. Wagenfiihr) and members 
of the Reception Committee were present on the platform to offer 
a hearty welcome to the visitors on behalf of the German Iron and 
Steel Industries and the Town of Diisseldorf, to which Mr. 
Henderson replied suitably. 

A’ message of respec tful greeting was also sent to His Excellency 
Herr Hitler, the German Reichskanzler und Fiihrer. 

The proceedings at this Session and at that on the following 
morning are recorded elsewhere in this Journal. 

At the conclusion of the session the members returned to their 
hotels for lunch, and in the afternoon they reassembled at the Park 
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Hotel in order to take part in a visit to the Kaiser-Wilhelm-Institut 
fiir Kisenforschung, or in a drive to places of interest in Diisseldorf ; 
the Ladies also took part in the latter excursion. 

In the evening the members and their Ladies were entertained 
at a Reception and Banquet in the Tonhalle by invitation of the 
German Iron and Steel Industries; Dr. Fritz Springorum was in 
the Chair. 

At the conclusion of the Banquet Dr. Springorum proposed the 
Toast of “ His Majesty King Edward VIII.,’’ and Mr. James 
Henderson proposed the Toast of “‘ Der Fiihrer und Reichskanzler,”’ 
which were received with musical honours. A message from the 
Fiihrer, replying to that sent to him earlier in the day from the 
General Meeting, was read (as recorded in the proceedings in this 
Journal). 


Dr. E. PorENsGen (Member of the Reception Committee), in 
proposing the Toast of ‘‘ The Iron and Steel Institute,” said: To 
have the honour of the visit of the British Iron and Steel Institute, 
on whose list of members the names of all the glorious pioneers of 
the steel industry have figured, is indeed a great distinction and 
delight to our Fatherland. The close collaboration between 
us sustained a heavy shock during the Great War. The strands 
have now been taken up again, but this is the first occasion since 
the War when one of your important annual Autumn Meetings 
has been held in Germany. When all at once we join hands again 
after a long separation we have much to say to one another, and so 
I am convinced that our present interchange of views, ideas, and 
experience will serve the best interests of the British and German 
steel industries. (Applause.) You may be sure that that is the 
sincere wish of us all. 

It is therefore a great honour for me to welcome, in the name of 
the Verein deutscher Eisenhiittenleute, your Institute to the iron 
city of Diisseldorf, which may well be called the industrial centre 
of Germany. It is here in Diisseldorf that our industry has its 
technical centre, its scientific centre, in the institute which you 
visited this afternoon, and its economic centre, where all the work 
in connection with the domestic and international cartels is done. 

Further, I extend to the Ladies a most hearty welcome to the 
garden city on the banks of the Rhine. I am sure that those of you 
who are visiting Germany for the first time were delighted when 
you received an invitation to our Fatherland. At the same time, 
I know how disappointed you must have been when, perhaps this 
afternoon, you first cast your eyes on the famous stream here in 
Diisseldorf. I had that experience once with an American girl 
whom I conducted over our bridge to show her the Rhine. She 
gave one glance at the waters and said “ I like the Hudson better ! ”’ 
(Laughter.) It was English travellers who first discovered the 
romanticism of the Rhine, who came to like it and who still visit 
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it to-day. You may think that it is charming alike for its hills and 
its vineyards, its cathedrals and its castles, and its Rhenish people 
drinking, singing, and kissing all day long. (Laughter.) You must 
wait for our excursion on Saturday. Take care that the robber 
knights pass you by and content themselves with a gallant contribu- 
tion on the part of the Ladies. There may be others among you, 
admirers of Richard Blacklock, who will expect to see something 
romantic—granddaughters for the gentlemen or grandsons for the 
. ladies of Lohengrin or the Daughters of the Rhine, or perhaps the 
Rhinegod himself. All that is further up the river, but if you take 
a walk along the Rhine alone—if your Ladies allow it !—you will 
still have the chance to meet some very charming daughters of the 
Rhine, basking in the quiet waters in scanty bathing costumes. 

We poor Diisseldorfers feel that we have the Rhine where there 
is no picturesque scenery, but there it is, carrying on its back our 
fifty million tons of cargo yearly, taking coal to all parts of the world 
and bringing ore and timber to feed our industries, exporting all 
kinds of finished goods and an uncountable number of bottles of 
wine and Apollinaris water. Most of the ships on the Rhine are 
driven by the most modern oil engines, and I am afraid that I must 
point out a drawback of modern technical development : our sirens 
have acquired a taste for this oil and drink too much of it ! 

But I will now endeavour to give even this part of the Rhine 
its share of romance. I ask you to picture to yourselves that 
thousands of years ago there stood here extensive forests, and among 
them roamed our ancestors, wearing bearskins and drinking mead 
out of huge horns. No one knows exactly what this beverage was, 
but personally I think it was a kind of ginger beer, only with a little 
more kick in it. (Laughter.) Those forests have disappeared, and 
from them has come the coal, the black diamonds, the real Rhine- 
gold. On this coal the German iron and steel industry has been 
built. That is the reason why the Verein deutscher Eisenhiitten- 
leute is here in Diisseldorf, and that is the reason that you are our 
visitors to-day. 

Now that you are here, I trust that we shall succeed in making 
your few days’ stay an agreeable and memorable event in your lives. 
(Applause.) I trust that in this short time we shall so learn to 
know and esteem one another that our acquaintanceship will 
develop into lasting friendship, and that the reports you will make 
on your return will help towards a better and more complete 
understanding between the new Germany and the people of your 
country. We Germans who are engaged in the steel trade have 
always regarded our British colleagues with great admiration and 
respect, and we are delighted by your visit, and the more so as you 
are accompanied by your charming Ladies. 

That reminds me of a story. I knew a young English engineer 
once who thought he might come to Diisseldorf on business. His 
wife asked him what business, and he said it would be his duty 
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to visit the mines of Westphalia and write reports. She said 
she would come with him—she was that kind of woman. (Laughter.) 
She said she would not accompany him down the shafts, but would 
see him off in the morning and spend the time until his return 
visiting a few shops in Diisseldorf and buying a few things she might 
want. (Laughter.) During ten long hot summer days he really 
did visit the mines, and in the evenings wrote reports, which she 
posted for him, to his firm, which did not want them at all. 
(Laughter.) 

What poor, wretched things we men should be without our 
women folk! What should we do if we could not lay at their 
feet our love and admiration, and in addition the fruits of our labour 
in the form of pearls, jewels, and from time to time a visit to Diissel- 
dorf! It is the same in every country in the world; politics and 
business, art and science, sport and dancing, everything rotates 
around our charming women. 

And now, having come to the end of my speech, I will ask my 
confréres to raise their glasses and to drink to the development 
and future progress of the British Iron and Steel Institute. 
(Applause.) 


The toast was received with enthusiasm. 


Mr. JaMEs HENDERSON (Acting President of the Iron and Steel 
Institute), in reply, said: It would be impossible for me to do 
justice to the speech we have just heard. For one thing, Dr. 
Poensgen spoke in English, and I have not the courage to reply 
in German. That is just as well, because my school German 
would not be understood by the English, and it certainly would not 
be recognised by any German! (Laughter.) You will excuse me, 
therefore, if I continue in my own language. 

First let me say that we have had a telegram from Sir Harold 
Carpenter, in response to the message which we sent him this 
morning. He says: “ Many thanks for telegram, which Lady 
Carpenter and I much appreciate. We hope the meeting will be 
a great success. Carpenter.” (Applause.) 

Dr. Poensgen has very eloquently wished the Iron and Steel 
Institute the greatest success, and I am happy to say that it is having 
one success. I am not referring merely to to-night, because this 
is quite an exceptional occasion. Apart from that, our Institute 
is definitely going from strength to strength, and a good deal of the 
credit for that is due to our able Secretary, whom I will take the 
liberty of naming, Mr. Headlam-Morley. (Applause.) He is 
undoubtedly helping the Institute very much indeed by his youth, 
vigour, and new ideas. 

We are proud to think that our Institute is of an international 
character. We do not always realise that we have more than six 
hundred members outside the British Empire, spread over some 
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twenty-four countries, in which nearly every country in Europe is 
included, and we also have members in Asia, in North and South 
America and even in Africa. We feel, therefore, that the Iron and 
Steel Institute of Great Britain is a nucleus round which we may 
hope to crystallise a great deal of that desire for co-operation which 
we feel is rampant, one might almost say, throughout the world. 
(Applause.) 

I have no wish to enter upon an economic discourse, but it is very 
sad that so many countries—and England cannot be excepted— 
are trying to be self-sufficient. It is an old saying that it would be 
a poor life if we tried to live by taking in each other’s washing; 
the standard of life would not be a very high one. That, however, 
is the tendency in every country to-day, and it is for Institutes 
of this kind, including commercial organisations also, to do what is 
possible in these difficult circumstances to get together. As the 
Oberbiirgermeister said to us this morning, we may differ in politics, 
but in business, in science and in sport we ought to get together. 

Dr. Poensgen has said that he hopes that this meeting will be a 
memorable one for the Iron and Steel Institute. It will certainly 
be so for me, and [ am sure that will be the feeling of every member, 
young or old. I said this morning that my first recollection of a 
meeting in Diisseldorf was in 1902. There are some young men 
here—perhaps as young as I was then—who in another thirty years 
or so will come back, and I am sure that they will remember this 
night and indeed the whole of the meeting this week—Monday, 
Tuesday, Wednesday, Thursday, Friday and Saturday, and what 
it will be like on Saturday night I do not know! (Lawghter.) I 
wish to thank Dr. Poensgen for the way in which he proposed this 
toast, and you, gentlemen, for the way in which you have received 
it. I am going to be so bold as to ask Mrs. Henderson, who is 
really my better half, to respond on behalf of the Ladies. 


Mrs. HENDERSON, who was received with prolonged applause, 
said: At a moment’s notice I have been called upon to reply on 
behalf of the Ladies, and I can only say that I feel I am a very poor 
substitute for Lady Carpenter, who, I am sure, would have given 
you a much more eloquent reply than I can hope to do at such short 
notice. Our friend who proposed the toast—I shall not attempt to 
pronounce his name—alluded to the eating and the drinking and 
the kissing all day long. We have certainly done the eating and 
drinking, and we hope that the kissing is to follow! (Laughter.) 
Perhaps we may look for it at the end of this meeting, if we remain 
as popular as we seemed to be at the beginning. He hag also kindly 
warned us about what is to be seen along the shores of the Rhine, 
in consequence of which we Ladies will do our utmost to prevent our 
menfolk from walking down that way—you see I am that sort of 
woman! (Laughter.) 

But I am wandering from my task, which is to return thanks on 
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behalf of the Ladies for the toast which was so very gallantly 
proposed by Dr. Poensgen and for the kind way in which it was 
received. All the Ladies present will feel most gratified, and I feel 
sure they would wish me to express to their kind hosts their apprecia- 
tion of the very interesting programme which has been arranged for 
them. I am sure that we are going to enjoy every moment of our 
stay in Diisseldorf, and there is no doubt that we shall carry away to 
England the happiest and most lasting memories of our visit to this 
beautiful city and this wonderful country. We thank you very 
much for all that you are doing for our comfort and entertainment. 


Mr. ALFRED HuTCHINSON (President-Elect of the Iron and Steel 
Institute) said : My wife is sitting beside me, and she says “‘ Short ! ”’ 
I intend to be brief, because I am a man under authority and always 
do what I am told. I want, however, in a single sentence to thank 
Dr. Springorum for presiding in so charming a way over our meeting 
this morning. (Applause.) Last time the Iron and Steel Institute 
met in Diisseldorf I had the great pleasure of being here, and I have 
always connected Dr. Springorum’s name with the fact that all that 
time ago I met his father, who was one of the great captains of 
German industry with whom I associated that visit. It is a great 
pleasure to me to come to Diisseldorf again so many years later and 
to be under the presidency of his son, Dr. Springorum, who is the 
Chairman of the Reception Committee. I beg to propose that we 
tender to Dr. Springorum our best thanks for the way in which he 
presided over the reception meeting this morning. 


The vote of thanks was carried with acclamation, and with the 
singing of ‘‘ For he’s a jolly good fellow.” 


The Banquet was followed by dancing, which continued until a 
late hour. 


Tuesday, September 22nd.—On this morning, the meeting for the 
discussion of papers constituted a Joint Meeting with the Verein 
deutscher Eisenhiittenleute; it also was held in the Tonhalle. 

After lunch, which was taken in the hotels, the members took 
part in the following visits and excursions : (a) Foundry Exhibition 
in Diisseldorf; (b) Deutsche Réhrenwerke, Werk Phoenix at 
Diisseldorf-Lierenfeld (Vereinigte Stahlwerke); (c) Gutehoffnungs- 
hiitte, Division Diisseldorf (formerly Haniel & Lueg), Diisseldorf- 
Grafenberg; (d) Mannesmannréhren-Werke, Division Diisseldorf- 
Rath; (e) Maschinenfabrik Sack, Diisseldorf-Rath; (f) Schiess- 
Defries A.-G., Diisseldorf, and (g) a motor drive through Diisseldorf. 

The Ladies spent the whole of this day on a motor tour to 
neighbouring beauty spots in Das Bergische Land, travelling vid 
Benrath, a State motor road, Opladen, Altenberg, Remscheid dam, 
Schloss Burg, Solingen, and Ohligs. They took lunch at Remscheid 
dam and tea at Schloss Burg, both by kind invitation. 
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In the evening the members and Ladies were invited to take part 
in an informal reunion at the Kaskade; supper, which consisted 
entirely of Westphalian dishes, was followed by a cabaret and dance. 

Wednesday, September 23rd.—The whole of this day was devoted 
to visits to Works. 

In the morning the following Works were visited: (a) August- 
Thyssen-Hiitte at Duisburg-Hamborn (Vereinigte Stahlwerke) ; 
(6) Fried. Krupp A.-G., Friedrich-Alfred-Hiitte at Rheinhausen ; 
(c) Demag at Duisburg; (d) Deutsche Edelstahlwerke, A.-G., 
Krefeld; and (e) the Works Exhibition of the Gutehoffnungshiitte 
at Oberhausen. The members were entertained to lunch at the 
works visited. 

In the afternoon they continued their tour of inspection at the 
following Works: (a) Mannesmannréhren-Werke at Huckingen ; 
(6) Gutehoffnungshiitte at Oberhausen, and (c) Demag at Duisburg. 

For the Ladies, the morning was left free, but in the afternoon 
alternative excursions were arranged to enable them to visit either 
the Vereinigte Seidenwebereien A.-G., Krefeld, or the Works 
Exhibition of the Gutehoffnungshiitte at Oberhausen. They were 
entertained to tea by the managements. 

In the evening all the visitors, both Ladies and gentlemen, met at 
Duisburg-Ruhrort. Here they embarked on a Rhine steamer to 
make the return journey to Diisseldorf; supper was taken on board 
ship by kind invitation, and many of the party danced. 

Thursday, September 24th—For this day also a number of alter- 
native excursions had been arranged. The members had the choice 
of two all-day excursions : (a) Bochumer Verein fiir Gussstahlfabri- 
kation, Bochum (Vereinigte Stahlwerke), and after taking lunch 
there, at the kind invitation of the management, the Hoesch-K6In 
Neuessen A.-G. fiir Bergbau und Hiittenbetrieb, Dortmund; 
(6) Werk Thyssen der Deutschen Réhrenwerke, Mulheim and 
Deutsche Eisenwerke A.-G., Schalker Verein, Gelsenkirchen- 
Schalke, both divisions of the Vereinigte Stahlwerke, by whom they 
were entertained to lunch. In addition, the two following visits, 
occupying the morning only, had been arranged, (c) Braunkohlen- 
bergwerk Fortuna and the Fortuna power plant, Kreis Bergheim 
(Rheinische Aktiengesellschaft fiir Braunkohlenbergbau und Bri- 

kettfabrikation, Kéln) and (d) Demag, Werk Benrath; at both 
works the members were likewise entertained to lunch before they 
travelled on to join the Ladies for the afternoon visit to Cologne. 

The Ladies spent the morning inspecting the Works of Eau-de- 
Cologne und Parfiimerie-Fabrik, No. 4711, Ferd. Miilhens, K6ln a. 
Rh. After taking lunch at the Bastei, Cologne, by, invitation, 
they were joined by some of the members, and the whole party then 
took part in a drive through Cologne; tea was taken, by invitation, 
at the Siinner-Terrasse in Cologne-Deutz. 

All parties returned to Diisseldorf in time for dinner at the 
hotels; the evening was left free. 
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Friday, September 25th.—On this day some of the Members took 
part in a whole-day visit to Essen. Leaving Diisseldorf by special 
train they proceeded first to the forge department of the Guss- 
stahlfabrik Fried. Krupp A.-G., Essen, and then to the Essen- 
Borbeck Works. Lunch was taken by invitation of the manage- 
ment at the Essener Hof in Essen, on which occasion Dr. Paul 
Goerens presided. He was accompanied by Herr Alfred von Bohlen 
and Herr Bernhardt von Bohlen. 

In the afternoon motor coaches conveyed the party round Essen 
and to the Gruga Gardens, where tea was taken in the restaurant. 

Other members spent the morning visiting the Forschungsinstitut 
der Kohle- und Eisenforschung G.m.b.H. (Vereinigte Stahlwerke), 
and Werk Dortmund of the Dortmund-Hoerder Hiittenverein at 
Dortmund; they then left for the Werke Horde of the Dortmund- 
Hoerder Hiittenverein at Dortmund, where, having taken lunch 
at the invitation of the management, they inspected the plant. 

For the Ladies the morning was left free, but after lunch they 
left for Essen, travelling by the Ruhr Valley and its reservoirs. 
In Essen they drove round the town, visited the Gruga Gardens and 
took tea by invitation at the Restaurant Ruhrstein. 

In the evening the members and Ladies were entertained to 
dinner at the Villa Hiigel, by the kind invitation of Herr Dr. and 
Frau Krupp von Bohlen und Halbach. On arrival the party were 
able to stroll in the magnificent grounds and enjoy the splendid 
views before night fell; dinner was then served in the Grand Hall. 
After dinner coffee was served in a salon upstairs and the members 
were able to admire the beautiful paintings and objets d’art in this 
and other rooms in the suite. About 9 P.M. motor coaches were in 
waiting to take the party back to Diisseldorf. 

Saturday, September 26th.—On this day the visitors took part in an 
excursion on the Rhine by invitation of their German hosts. They 
left Diisseldorf by special train, on which lunch was provided, and 
arrived at Eltville just before 1 p.m. They then visited the 
champagne cellars of the firm of Matheus Miiller. The process of 
making champagne was explained by guides who showed the party 
round the cellars in groups, and then ‘the visitors were entertained 
to light refreshments, the product of the firm. Leaving the cellars 
the party walked a short distance to a landing stage on the Rhine 
where they boarded a special steamer which carried them to 
Coblenz-Ehrenbreitstein; tea was taken on the steamer. On 
disembarking, the party made their way to the railway station, 
where they once more boarded the special train to return to Diissel- 
dorf. Dinner was taken on the train. 

Sunday, September 27th.—The main party, numbering about 170 
members and their Ladies, returned to London. Once again a 
special train had been chartered, and the journey home, vid Aachen, 
Ostend and Dover, was made in comfort. 

An extension tour had been arranged for a party of about twenty- 
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five members to visit Saarbriicken, and on this morning they left 
by an early train, travelling via Coblenz to Trier, where lunch was 
taken by invitation at the Hotel Porta Nigra. 

In the afternoon, visits to places of interest in Trier were made 
by motor coach. Supper was taken at the Hotel Porta Nigra, 
again by invitation, and later in the evening the party travelled on 
to Saarbriicken. 

Monday, September 28th.—The Saarbriicken party embarked in 
motor coaches to visit the Burbach Works of the Vereinigte Hiitten- 
werke Burbach-Eich-Diidelingen (A.R.B.E.D.). The Ladies of the 
party were invited to accompany the members, and much enjoyed 
an opportunity of seeing a great composite iron and steel works. 
After lunch, at which General-Direktor Dr. Alfons Wagener 
presided and which was taken in the Works Hotel by invitation of the 
management, a tour was made round beauty spots in the neighbour- 
hood of Saarbriicken, the Warndt, &c., and this was followed by a 
visit to the Vélklingen Works of the Réchlingsche Eisen- und 
Stahlwerke. 

Another small party had remained behind in Diisseldorf after 
the departure of the main party on Sunday, in order to devote this 
day (Monday) to a visit to Siegen. Leaving Diisseldorf by motor 
coach at an early hour, they arrived at Eichen in time to pay a short 
visit to the works of the Eichener Walzwerk (Hiittenwerke Sieger- 
land A.-G. of the Vereinigte Stahlwerke A.-G.), before travelling on 
to Siegen, where they visited the Siegerland Museum; here they 
inspected examples of prehistoric iron-making furnaces, which 
were explained by Oberstudienrat Béttger, and were entertained 
to a short lecture on behalf of Siemag on new developments in 
rolling-mill construction. Lunch was next taken at the Hotel 
Kaisergarten, Siegen, by invitation of the Hiittenwerke Siegerland 
und Siemag. 

The afternoon was devoted to visits to the Works of H. A. 
Waldrich G.m.b.H. and of Gontermann-Peipers A.-G., both in 
Siegen, which firms entertained the party to supper at the 
“ Erholung,’’ Siegen. 

Later in the evening, the party returned to Diisseldorf by motor 
coach. 

Tuesday, September 29th.—In the morning the Saarbriicken party 
boarded motor coaches for the Neunkirchen Works of the Neun- 
kircher Eisenwerk A.-G. vorm. Gebriider Stumm, where, after 
inspecting the plant they were entertained to lunch in the Works 
Hotel by the management, Dr. Albrecht Spannagel presiding. 

In the afternoon, alternative visits were paid to the works of 
either Halberger Hiitte G.m.b.H. at Brebach, or the Maschinenbau 
A.-G., vorm. Ehrhardt & Schmer, Saarbriicken. 

In the evening the entire party, including Ladies, was enter- 
tained by the local section of the Verein deutscher Eisenhiittenleute 
(Eisenhiitte Siidwest) in the Hindenburghaus in Saarbriicken, on 
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which occasion Dr. A. Spannagel, President of the Eisenhiitte 
Siidwest presided. At midnight Dr. Albrecht Spannagel’s birthday 
was celebrated, Mr. H. Spence Thomas (Vice-President), the leader 
of the party, making a small presentation and proposing his health. 


This short account of the visits and excursions arranged for the 
Autumn Meeting of the Iron and Steel Institute in Diisseldorf is 
necessarily incomplete, and many details which helped greatly to 
enlarge the interest and increase the comfort of the members and 
their Ladies are not recorded. Nevertheless, it is felt that enough 
has been said to show that the strenuous labours of our German 
hosts were not fruitless, and that the meeting in Diisseldorf can 
justly be ranked among the most successful foreign Meetings that 
have been arranged on the Institute’s behalf. 

On behalf of the President and Council of the Iron and Steel 
Institute and of the members and their Ladies who took part in the 
meeting, sincere thanks are once again offered to the Verein deutscher 
Kisenhiittenleute and the German Iron and Steel Industries, to the 
President, Hon. Secretary and members of the Reception and 
Organising Committees, to the staffs of the Verein deutscher Eisen- 
hiittenleute and of the Commerz und Privatbank A.-G., Diisseldorf, 
and indeed to all who, by their various labours, contributed to the 
welfare, comfort, and enjoyment of the visitors. 
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The Rt. Hon. Lorp INVERNAIRN OF STRATHNAIRN died on April 9, 
1936, at his home at Flichity, Inverness; he was in his eightieth 
year. He received his education in Glasgow, and later studied at 
the Royal School of Mines in London. In 1871 he entered the 
Parkhead Forge as an apprentice. The business had passed into 
the control of his father, Mr. William Beardmore, of Parkhead, 
eleven years previously. Two years after the death of his father in 
1879, he became a partner with his uncle, Mr. Isaac Beardmore, the 
firm’s name being changed to I. & W. Beardmore. The firm then 
developed the manufacture of armour plate, and improved machinery 
was installed for dealing with large steel forgings for the Govern- 
ment. Later, Mr. William Beardmore, as Lord Invernairn then was, 
purchased the business, thus becoming sole owner. 

He was created a Baronet a few months before the outbreak of 
the World War, and at the time of the Armistice Sir William’s 
organisation, William Beardmore & Co., Ltd., was employing more 
than 42,000 workers. After the war the company were turning out 
large quantities of railway material, in addition to turbines and 
quadruple expansion engines for merchant vessels ; other enterprises 
included heavy-fuel engines. 

A financial reconstruction of the company was carried out a few 
years ago, and Lord Invernairn retired from the Chairmanship. 
Lord Invernairn was also connected with a number of other com- 
panies, including Brunton Bros., the Dominion Steel and Coal 
Corporation, United Collieries, the Warwickshire Coal Co. and the 
Coltness Iron Co., Ltd., to mention only a few. 

Lord Invernairn’s connection with the [ron and Steel Institute 
had been a long one. He was elected a member in 1878, and in 
1905 he became a Vice-President; in 1912 he undertook the duties 
of Honorary Treasurer, and he was President for the years 
1916-18; in the latter year he was awarded the Bessemer Gold 
Medal. 


By the death of Henry Louis Le CuaTe.ier, F.R.S., who died 
at Mirabel-les-Echelles (Isére), France, on September 17, 1936, at 
the age of eighty-six, Science loses one of its greatest figures. 

His interest in science and its applications was the result of 
family influence—that of his father, who had also had the idea of the 
open-hearth process for the manufacture of steel, and brought him 
into contact with H. Sainte-Claire Deville, and that of his grand- 
father, a collaborator of Vicat, which aroused in him an interest in 
the cement industry. 

An engineer in the Corps des Mines in 1875, he became Professor 
at the Ecole Supérieure des Mines de Paris in 1877 and Professor at 
the Collége de France in 1888; he succeeded Moissan as Professor 
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at the Sorbonne in 1907 and as a Member of the Académie des 
Sciences in 1908. 

Physicist and chemist, savant and engineer, he leaves behind him 
an immense amount of scientific work, of which the effects on 
industry are incalculable and extend into all branches of technology. 
He was the best qualified and most representative apostle of the 
union of science and industry. 

He gave a fresh impetus to chemistry by the establishment of 
the fundamental laws of mechanics—the stability of equilibrium, 
iso-equilibrium, the solubility of salts—of which he made the most 
advantageous and important applications to numerous industries. 
He was the first to draw a clear distinction between the absence of 
reactions resulting from a state of equilibrium and those resulting 
from passive resistance or a condition of “ chemical repose.” 

No account will be taken here of his influence on the hydraulic 
cement industry, for which he gave the explanation of the mechanism 
of hardening that led to the production of the aluminous cements ; 
on the ceramic and glass industries by his discovery of the properties 
of silica and the constitution of clays; on the heating industries by 
his studies on the specific heat of gases, the calorific power of fuels, 
temperatures of combustion, and the recovery of waste heat; on 
explosives by his researches on firedamp and dusts and his invention 
of ammonium-nitrate-base safety explosives; or on the ammonia 
industry, for which he defined the conditions for synthesis which are 
employed nowadays in all industrial processes—Haber, Claude, &c. 
Only his labours in the field of metallurgy will be considered here, 
in which subject his work was pre-eminent. He gave his attention 
particularly to the three great essential problems : The measurement 
of high temperatures; physical metallurgy; and equilibria in 
metallurgical operations. 

The Measurement of High Temperatures—In the course of 
researches on the dissociation of calcium carbonate he found it 
necessary to carry out very precisely the measurement of high 
temperatures, and he conceived the idea of using the thermo-electric 
method proposed by Becquerel, but which Regnault had declared 
to be unsuitable for accurate measurements. By using metals 
which gave no parasitic phenomena on heating, and by standardising 
the couples against fixed points instead of the air pyrometer, he 
presented industry and science with a convenient, accurate and 
rapid pyrometer, and the platinum/platinum-rhodium couple is 
used to-day for measuring high temperatures. He showed what 
errors were made in the estimation of the temperatures of industrial 
operations, which were, for example, too high by 500° in the case of 
steel furnaces. 

Forty-eight hours after his communication to the Société de 
Physique, Sir Ludwig Mond, having seen an announcement in the 
press, telegraphed an order for two pyrometers, and these were the 
first to be used. 
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In addition, Le Chatelier studied the optical pyrometer based on 
monochromatic photometry and gave it a practical form. 

Physical Metallurgy.—The influence of Le Chatelier in physical 
metallurgy was very great and preponderating, from both the 
theoretical and the practical points of view. 

From 1894 onwards, he showed the analogy between alloys and 
minerals, both consisting of the juxtaposition of elements fully 
crystallised and few in number, simple bodies, definite compounds 
and solid solutions; the only difference in the case of minerals is the 
greater fineness of the crystalline elements, which can be distin- 
guished only under the microscope, and the identity of colour of all 
those elements which can be recognised only after etching. 

He showed the importance of the investigation of the physical 
properties—dilatation, electrical resistance, thermo-electric power— 
in researches on the constitution of alloys and the study of their 
transformations; for fifteen years his laboratory at the Sorbonne 
was a centre of research to which came investigators from every 
country. But, in addition, he gave a practical form to the tech- 
nology of microscopic metallography, and enabled it to progress 
industrially, both by inventing his so convenient reversed-objective 
microscope and by simplifying considerably the methods of polishing. 

Further, his work on the quenching of steels constitutes a 
valuable and useful contribution to this important operation. 
Finally, by inaugurating the Revue de Métallurgie in 1904, he wished 
to make known to metallurgists the scientific ideas thus acquired 
and to popularise the marvellous fruition of the work which he had 
instigated. 

Equilibrium in Metallurgical Reactions—In a masterly paper, 
presented in 1912, Le Chatelier demonstrated how the application 
of the laws of chemical equilibrium governed the reduction of iron 
oxide and the phenomena of deoxidation in steelmaking. This 
work is the starting point of all studies and experiments concerning 
this fundamental problem of siderurgy—a problem of such im- 
portarice that in June, 1925, the Faraday Society in conjunction 
with the Iron and Steel Institute organised a symposium on steel- 
making reactions, in which all the papers presented were based, 
either implicitly or explicitly, on the ideas put forward in this work 
of Le Chatelier. 


Right to the end he retained his perfect clarity of mind and his 
truly remarkable intellectual activity and ability to work, and he 
remained the counsellor and guide of all those in France who were 
occupied with problems of scientific metallurgy. None other has 
ever had such a great influence on the application of science to 
industry, a labour which was dear to him and led him to concern 
himself with the organisation of work and, notably, to make known 
the Taylor system in France. 

By his eminent scientific qualifications, his nobility of character, 
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his disinterestedness, he remains the pattern of the true savant, 
having never sought either advantages or distinctions; the latter 
came to him, particularly from abroad, where his prestige was high. 
On the occasion of his jubilee in 1922 nearly three hundred industrial 
firms from all countries came to pay homage to him. 

Le Chatelier became a member of the Iron and Steel Institute in 
1904, and in 1924 was elected an Honorary Vice-President. The 
Bessemer Gold Medal had been conferred on him in 1911. His death 
will be particularly felt in English scientific and metallurgical circles 
where he had many friends; as Sir Robert Hadfield said, “‘ France 
has indeed lost a great man and that loss is irreplaceable in his own 
lines of work.”’ 


Prrcy CARLISLE GILCHRIST, F.R.S., died on December 15, 1935, 
in his eighty-fourth year; he had been a complete invalid for many 
years. The son of Mr. Alexander Gilchrist, a barrister, he was born 
at Lyme Regis on September 27, 1851. He attended Felsted School 
and the Royal School of Mines, where he became a Murchison 
Medallist. 

Towards the end of 1875, he was engaged as a chemist at a works 
at Cwm Avon in South Wales. Early in 1876, his cousin, Sydney 
Thomas—who, though a clerk at the Thames Police Court, had for 
some years previously been studying scientific subjects in his spare 
time and had been particularly attracted to the problem of the 
dephosphorisation of iron, owing to a remark of a lecturer at the 
Birkbeck Institute that the man who succeeded in eliminating 
phosphorus by means of the Bessemer converter would make his 
fortune—gave him details of his theories concerning the carrying out 
of this process. Though Bessemer himself and many others had 
been engaged on the same study since 1860, the problem of breaking 
down the bond uniting the phosphorus to the iron appeared to be 
insoluble, yet it was recognised that if it could be solved not only 
would great quantities of British and Continental ores become 
available for steelmaking, but from the phosphoric slag a large 
quantity of valuable agricultural fertiliser would be recoverable. 

Thomas desired his cousin Gilchrist to carry out the experimental 
work, for which he himself had neither the time nor the opportunity ; 
though at the outset Gilchrist was doubtful about the outcome, 
nevertheless he undertook to make some tests. Both men were at a 
disadvantage, for they could only work in their spare time and their 
means were slender; Thomas had managed, during twelve years’ 
service as a clerk, to save £800, and this money enabled them to take 
out two patents, No. 4422 in 1877 and No. 289 in 1878. 

In the autumn of 1876 Gilchrist entered the Blaénavon Works 
as an analytical chemist. The tests had convinced the two cousins 
that the failure of the Bessemer converter to remove phosphorus 
was due to the fact that it was lined with siliceous material, and that 
the provision of basic linings, together with basic additions to the 
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molten metal, would effect the removal. Mr. Edward Martin, the 
general manager at that time of the Blaenavon Steel Co., came to 
their assistance. Experiments made first with a 6-lb. converter, 
then one of 3-4 ewt. capacity and finally with one of 12 ewt. capacity, 
showed that the use of a lining consisting of limestone and silicate 
of soda secured the dephosphorisation of the charge. With the 
assistance of Mr. Martin, another patent, No. 908, was taken out on 
March 6, 1878. After this, rapid progress was made and at the 
Autumn Meeting of the Iron and Steel Institute, held that year in 
Paris, they presented a paper entitled “On the Elimination of 
Phosphorus in the Bessemer Converter.” Its importance was not, 
however, realised and it was not even read, but was adjourned until 
the Meeting in 1879 when it was read by Thomas and published in 
the Journal of the Institute. 

This delay, however, was fortunate. Among the members 
attending the Paris Meeting was Mr. E. Windsor Richards, manager 
of Bolckow, Vaughan & Co., Ltd. During a visit to the Creusot 
Works Mr. Richards made the acquaintance of Thomas and became 
impressed by the importance of the discovery. He visited Blaen- 
avon, saw some experimental casts, and became convinced of the 
practical success of the process. Having obtained the consent of 
his directors for a trial to be made, he and Dr. J. E. Stead, consultant 
to the company, then undertook, in collaboration with Thomas and 
Gilchrist, the practical development of the process. A 30-cwt. basic 
converter was erected at the Middlesbrough Works, and after some 
initial difficulties connected with the lining the first successful 
operation of the plant was carried out on April 4, 1879. The 
difficulties which had to be overcome were described by Dr. Stead in 
his Presidential Address to the Iron and Steel Institute in 1920. 
It was necessary to line the converter with a basic material not only 
of the correct composition but also of the requisite texture and 
stability, so that it would maintain its adhesion to the converter 
walls during the blow; secondly, it was necessary to form a rich 
basic slag at an early stage of the process. Finally, it was found that, 
while the carbon, silicon, and manganese in the iron were removed at 
an early stage, the phosphorus was not sensibly diminished until 
later; this necessitated the so-called after-blow, during which about 
80°%, of the phosphorus that is removed is eliminated. 

In this way the basic Bessemer process was established, and for 
many years was one of the main methods of producing cheap steel 
on a large scale; provided that an iron contained the requisite 
amount of phosphorus, it could be treated by this process, and in 
this way the great phosphoric iron ore deposits were rendered 
amenable to treatment. 

Other investigators had meanwhile been making progress with 
the same problem, notably Mr. George J. Snelus and Mr. Edward 
Riley. To avoid litigation the interests of all the parties were 
merged in 1882 in the Dephosphorising and Basic Patents Co., Ltd. 
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Following Thomas’ death in 1885, Gilchrist, as managing director 
of that company, took out certain new patents, but only the original 
patents of Thomas were ever really used or licensed. Of the sub- 
sequent history of the process it is unnecessary to say more than that 
it was duly extended to the Siemens open-hearth process, and its 
use was taken up actively on the Continent, whilst in Britain it 
gradually ceased to be employed extensively, until quite recently 
Stewarts and Lloyds, Ltd., revived it at their new works at Corby 
in Northamptonshire. , 

In one respect the basic Bessemer is more important than the 
acid Bessemer process. In the latter the ferruginous slag is a waste 
product, whereas in the former both the steel and the slag find a 
market, for in the latter a highly basic phosphate of calcium is 
produced which is similar in composition to the mineral phosphates 
of North Africa; it is eminently suitable as a plant food and the 
demand for basic slag as a fertiliser has grown rapidly. 

Mr. Gilchrist was a member of the Institution of Civil Engineers 
and of the Institution of Mechanical Engineers; he was elected a 
Fellow of the Royal Society in 1891; he was a member of the 
Society of Chemical Industry and of the Royal Society of Arts; 
he was also a Chevalier of the Legion of Honour. He became a 
member of the Iron and Steel Institute as far back as 1875; he 
was elected a Member of Council in July, 1884, a Vice-President in 
1898, and became an Honorary Vice-President in 1916. 

With his death another link with the distant past of the history 
of iron and steel has been broken, and the industry has lost another 
of its famous pioneers. 


JONATHAN Ancaus died on Sunday, August 2, 1936. He was 
born in Aberdeen in 1860, and from 1874 to 1878 served a pupilage in 
civil engineering under Mr. A. Mitchell. In that year he joined the 
staff of Mr. John McConnachie at Bute Docks, Cardiff, as assistant 
engineer in the construction of docks. In March, 1883, he entered 
the service of Messrs. Manning & Baynes, at that time engineers to 
the old East and West India Dock Co., as engineer-in-chief of the 
main and branch docks at Tilbury; in addition to the usual dock 
work, he was concerned with the erection of the hydraulic plant and 
the laying out of the dock railways. In 1886, when the docks were 
completed, Mr. Angus was appointed resident engineer, but he 
occupied this post for only a little over a year, as he was desirous of 
taking up active constructional work again. In June, 1887, he 
joined the late Mr. Duff Bruce, and in this way became connected 
with the construction of docks and railways in India. Later, he 
became a partner with Mr. Bruce, and on the death of the latter in 
1900, Mr. Angus continued the work of the firm and, until his death, 
was identified with many projects abroad. Thus, from 1909, he 
had been the London agent and consulting engineer for the 
Calcutta Port Commissioners, the extensive dock system of which is 
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situated at Kidderpore. He was also consulting engineer to the 
Bengal Iron Co. from the time of its formation in 1889 until 1925, 
in which year he was elected to a seat on the board; he was thus 
intimately connected with the establishment of the first iron and 
steel works erected in India. He was also engaged as consulting 
engineer to various mining companies in Spain, Egy pt, and Africa 
for a number of years, while he was interested in mining concerns 
as far afield as Australia. 

Mr. Angus was elected an Associate Member of the Institution 
of Civil Engineers in 1889 and took up full membership in 1894. His 
membership of the Iron and Steel Institute was lengthy, as he was 
elected in 1901. 


Sir JonHn Frevp Bratz, K.B.E., died in London on December 9, 
1935; he was sixty-one years of age. The eldest son of Samuel 
Beale, senior partner of Beale & Co., of London and Birmingham, 
solicitors to the Midland Railway Co., he was born in London on 
January 15, 1874, and received his education at Harrow and 
Trinity College, Cambridge. 

He was admitted a solicitor in 1899, and six years later he became 
junior partner in Beale & Co. When the Royal Commission on 
Wheat Supplies was instituted in 1916 he was appointed a member ; 
he soon succeeded Sir Alan Anderson as Deputy Chairman, and in 
1917 he was also appointed Chairman of the Allied Wheat Executive. 

He received his knighthood in 1918, in which year he became the 
First Secretary to the Ministry of Food. At the beginning of 1919, 
he was appointed with Lord Reading to represent Great Britain on 
the Allied Supreme Council of Supply and Relief. In this year also 
he retired from his father’s firm of Beale & Company and was 
appointed Deputy Chairman of the Midland Railway Co. In 1928, 
he succeeded the late Lord Buckland as Chairman of Guest, Keen and 
Nettlefolds, Ltd.; in addition, he was Chairman of the British (Guest 
Keen Baldwins) Iron and Steel Co., Ltd., and had many other 
interests in the iron and steel and coal industries: thus he was 
Chairman of the Orconera Iron Ore Co., Ltd., and a Director of 
Messrs. Bayliss, Jones and Bayliss, Ltd., John Lysaght, Ltd., 
Joseph Sankey and Sons, Ltd., to mention ‘only a few concerns, as 
well as of several colliery companies and of the Midland Bank. 

He had played a leading part in the organisation of the British 
iron and steel industry. He was a strong and persistent advocate 
of a tariff on imported steel, which he demonstrated was the essential 
forerunner of expenditure on new plant. In particular he showed 
how plans for the remodelling of the Cardiff-Dowlais steelworks, at a 
cost of £2,000,000, were being held up. He was very closely associ- 
ated with the framing and adoption of the constitution of the British 
Iron and Steel Federation in 1934; he was a Vice-President of the 
Federation and a member of its Council and of all its more important 
Committees. In addition to being a K.B.E., he was a Commander 
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of the Order of the Crown of Italy, an Officer of the Legion of Honour, 
and a Commander of the Order of Leopold II., Belgium. Sir John 
was a life member of the Iron and Steel Institute, which he joined in 
1928. 


WiLL1AM FREDERICK BEARDSHAW, J.P., of Sandygate Park, 
Sheffield, died on February 28, 1936, at the age of seventy-eight. 
He was Chairman of J. Beardshaw & Son., Ltd., Baltic Steel Works, 
Sheffield, with which firm he had been associated for over fifty years. 

He was a member of the Institution of Civil Engineers, and for 
three years was President of the Sheffield Society of Engineers and 
Metallurgists. He was one of the older members of the Iron and 
Steel Institute, his membership dating from 1889. 


FRANK Biaarn died at his home at Norton, Sheftield, on March 12, 
1936, at the age of sixty-eight. He commenced his career in the 
oftice of the Newhall Foundry of the Brightside Foundry and 
Engineering Co., in Sheffield. Later he became manager of the 
Carbrook Foundry, and then, after some years in London, he went 
back to the Newhall Works. In all, he was connected with the 
company for nearly fifty-three years, and was elected to the board of 
directors in 1918. 

Mr. Biggin was a specialist and authority on heating and 
ventilating engineering, and he established offices and works in 
London, Birmingham, and other places in connection with this work. 

He was a member of the Institution of Mechanical Engineers, 
of the Institute of British Foundrymen, and of the Sheftield Society 
of Engineers and Metallurgists. In 1921 he was President of the 
Institution of Heating and Ventilating Engineers. He joined the 
Iron and Steel Institute in 1929. 


SHERARD OSBORN CowPER-CoLes died at his home, Rossall 
House, Sunbury-on-Thames, on September 9, 1936, at the age of 
sixty-nine. Born at Ventnor, Isle of Wight, in 1867, he was the 
son of Captain Cowper Phipps Coles, R.N., designer of H.M.S. 
Captain, which capsized in 1870 with the loss of nearly all on board. 
After leaving school, Mr. Cowper-Coles studied at the Crystal 
Palace School of Engineering, and afterwards did research work at 
laboratories in London. He was an authority on the electro- 
deposition of metals; his name is particularly associated with a 
process for the production of zinc coatings on iron and steel so as 
to render them rust-proof, which is known as the sherardising 
process. He had many other inventions to his name, including one 
for recovering zinc from its ores by electrolytic methods, another for 
inlaying and decorating metallic surfaces, others for electrolytic 
processes for the production of cutting points and edges without 
grinding and for making iron tubes and sheets, and yet another for a 
process of welding aluminium without a flux. He was a pioneer in 
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the galvanising and chromium-plating industries. In 1898 he won 
the Bessemer Premium for research on protective metallic coatings 
for iron and steel, and at the Franco-British Exhibition in 1908 he 
was awarded the Grand Prix for electrochemistry ; at various times 
he was awarded many other prizes for his research work. During 
the war he invented a sound-recording machine which was of value 
in detecting the position of aircraft, and he was a successful experi- 
menter on television. 

He was one of the founders of the Faraday Society and a Fellow 
of the Royal Institution; in addition he was a member of the 
Institution of Electrical Engineers, a member of the Institution of 
Mechanical Engineers and an Associate of the Institution of Civil 
Engineers. He was also a member of the American Electrochemical 
Society and of the Society of Chemical Industry. He joined the 
Iron and Steel Institute in 1900. 


Wititam ALEXANDER Fores died in New York on April 7, 
1936, at the age of fifty-nine. He was born at Stockton-on-Tees, 
England, and received his education in English schools. In 1895 
he took a post in the chemical laboratory of Park Bros., Pittsburgh, 
and later in the same year he joined the staff of the chemical labora- 
tory of the Carnegie Steel Co. at Homestead, Pa., where he remained 
until 1900. He then became associated with the National Tube Co. 
at McKeesport, Pa., in turn as an assistant chemist, chief chemist 
and an assistant superintendent of the blast-furnaces; at the same 
place, and also at Joliet, Ill., he was occupied with studies of by- 
product coke-oven developments. In 1908 he went to New York 
to deal with the sales of all coke by-products of the Corporation’s 
subsidiaries, and in 1927 he was made assistant to the President. 
On January 1, 1936, only four months before his death, he became a 
Vice-President of the United States Steel Corporation. He joined 
the Iron and Steel Institute in 1929. 


ANDREW Grey, M.B.E., died at Biggar, Lanarkshire, in February, 
1936; he had relinquished his active duties some time before, 
owing to ill-health. At the commencement of his business career 
Mr. Grey was engaged in the laboratories of Messrs. Wm. Beardmore 
& Co., Ltd., at Parkhead, and it was as a chemist that he became 
associated in 1890 with the Lanarkshire Steel Company, whose 
works were then being laid down. Apart from a short period during 
which he was associated with the Mount Vernon Iron and Steel Co. 
(now no longer in existence), he was engaged continuously at the 
Flemington Works for some forty-five years, first as a chemist, 
then as melting shop manager, and from 1913 as works’ manager ; 
in 1921 he was appointed general manager of the company, and 
some four or five years ago a director. Following on an illness he 
retired from the general managership of the company about a 
year ago. 
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Mr. Grey was the Vice-Chairman of the Central Council of Wages 
Associations for the Steel Trade, and was a representative of the 
Scottish Steelmakers’ Association. He was, during recent years, 
a member of every important committee in the organisation of the 
British steel trade. For two years (1920-22), he was President of 
the West of Scotland Iron and Steel Institute and he was a member 
of Council of the British Iron and Steel Federation. He joined the 
Iron and Steel Institute in 1917. 


Sir Jonn Hunter, K.B.E., died at his home in Glasgow on 
October 17, 1936. The son of Mr. John Hunter of Montreal, who 
started the Canadian factory of Messrs. J. & P. Coates, he was 
born at Paisley on November 8, 1863, but as a child returned with 
his parents to Canada, where he received his early education at 
Montreal High School. 

In 1882, he returned to England to obtain engineering experience, 
with the intention of returning to the Dominion, but he became 
associated with his uncle, Sir William Arrol, and started on his 
career with the firm of Sir William Arrol & Co., Ltd., builders of 
the Forth, the Tay and the Tower Bridges. The firm also built 
the temporary Waterloo Bridge and are now removing the old 
structure. 

Sir John rose to the position of secretary to the company, 
and later was appointed joint managing director and ultimately 
Chairman. The growth of the company from a comparatively 
small concern, so far as capital was concerned, was chiefly due to 
Sir John’s energy and ability. During the war he was a member of 
the Munitions Council from its formation, and in October, 1915, 
on the invitation of Mr. Lloyd George, became Director of Factory 
Construction and Director of Steel Production, resigning his director- 
ship of Arrol’s to undertake these offices. He was also a member 
of the Air Council and Administrator of Works and Buildings for the 
Air Ministry until 1919, when he resigned to resume his activities 
with Arrol’s. 

In 1917, he was knighted for his services, and was also awarded 
French, Belgian, Italian, and Russian decorations. 

Sir John was a director of the Iron Trades Employers’ Insurance 
Association, Chairman of the Rivet, Bolt and Nut Company, 
Chairman and director of the North-West Rivet, Bolt and Nut 
Factory at Airdrie, and director of the Power and Traction Finance 
Co.; also he had been Vice-President of the Federation of British 
Industries. 

He joined the Iron and Steel Institute in 1905. . 


FREDERICK JAMES Kitson died on November 19, 1935, at the 
age of seventy-four. On leaving Cambridge Mr. Kitson entered 
the works of Messrs. Kitson & Co., of the Airedale Foundry, Leeds. 
Later, in 1882, he transferred to the North British Iron and Steel 
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Co., Ltd., Leeds, which had been founded in 1851 and taken over 
shortly afterwards by the Kitson family. 

While quite a young man, he was made a director of the com- 
pany, and later, on the death of the late Lord Airedale in 1911, 
he became Chairman, a position which he held up to the time of 
his death. Mr. Kitson filled several public offices; he had been 
Lord Mayor of Leeds and an Alderman of the Leeds Chamber of 
Commerce, of which he had been President for two years. He was 
the senior member of the Leeds Bench of Magistrates. Mr. Kitson 
was a very old member of the Iron and Steel Institute, having been 
elected in 1885. 


W. RipLEyY MAKEpPEAce died in Whitby on March 5, 1936, at the 
age of eighty years. For many years before the war he had been 
prominent in Tyneside and Tees-side industrial circles. For a long 
while he had been employed by John Abbot & Co., Ltd., Gateshead, 
constructional engineers, as correspondent, buyer, foreign traveller, 
and assistant secretary. He then became secretary to Head, 
Wrightson & Co., Ltd., of Stockton, but later resigned this post 
to return to John Abbot & Co., Ltd., as general manager. The 
works were dismantled in 1911. He became an advisory expert 
on chemical, technical, and engineering questions with the late 
Joseph Fells in Philadelphia and London. 

During the war he was assistant inspector of the munitions areas. 
He was a Fellow of the Chartered Institute of Secretaries and a 
member of the Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trades of the North of England, of the North- 
East Coast Barmakers’ Association and of other bodies. 

He was elected a member of the Iron and Steel Institute in 
1903, but severed his connection with the Institute in 1935. 


SAMUEL MELLING died on October 18, 1936, in his ninety-first 
year. As a boy he was familiar with the old Haigh Foundry which 
belonged to the Earl of Crawford (the present Earl’s grandfather), 
where his father was manager. In 1856 his father founded the 
Ince Forge, and in 1885 Mr. Melling, along with his two brothers, 
acquired the Worsley Mesnes Ironworks. Later both concerns 
were changed into private limited liability companies, and for the 
last twenty-one years Mr. Melling had been Chairman of both. 

He was the senior magistrate of the Borough of Wigan, haying 
been appointed in the year 1885. He claimed to represent the eighth 
generation of his family to be connected with the iron trade in 
Wigan. 

His association with the Iron and Steel Institute was certainly 
a very lengthy one, for he was elected a member as far back as 1880. 


Witi1aM CriarK MitcHe.t died on May 23, 1936, at his home 
near Chardon, Ohio, U.S.A. He was born on November 18, 1856, 
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at Aberchirder, Banffshire, England, and went to America at the 
age of twelve. 

For the greater part of his life, Mr. Mitchell was actively 
interested in the manufacture of iron and steel. His first post was 
with the Crane Company of Chicago. ‘Ten years later he became 
associated with the North Chicago Rolling Mills Co. Later he went 
to the Illinois Steel Co. as mechanical engineer and superintendent, 
and while with that concern, in 1896, he undertook the construction 
of a steel and pipe mill at Marioupol in South Russia. On his 
return from Russia he became general superintendent of the British 
Westinghouse Co. at Manchester, England, and later he was succes- 
sively associated in a like capacity with the Broad Oaks Ironworks 
at Chesterfield, England, the Dominion Iron and Steel Co., Sydney, 
Australia, and the Algoma Steel Co. at Saulte St. Marie, Ontario, 
Canada. 

In 1912 he retired from business and in 1913 went to live on his 
farm near Chardon. 

During the World War he served the American Government as 
a steel expert and also assisted in the auditing of all supplies of war 
material. After the Armistice he was in the United States Finance 
Department, of which General Lord was chief. 

Mr. Mitchell was also widely known as an inventor, and among 
the products of his ingenuity may be mentioned the Mitchell 
excavating grab, coke-quenching and loading machine, a wash- 
coal dryer, an automatic reversing drive for heavy machinery, 
water-cooled gas valves for steel furnaces, an oil and steam separator, 
and an antifriction bearing metal. 


Mr. Mitchell was a member of the American Society of 


Mechanical Engineers and of the Iron and Stee! Institute, which he 
joined in 1903. 


JAMES EpMuND Perecu, C.B.E., died at his home, Thorns Beach, 
Beaulieu, Hampshire, on October 7, 1935. He was born in 1878; 
he was the son of the late Mr. William Peech, one of the original 
founders of the firm of Steel, Peech & Tozer, Rotherham, and 
entered the steelworks at the age of nineteen. Eventually he became 
a director of the company, and when the United Steel Companies, 
Ltd., was formed some years ago, he was made a director of the 
larger concern. Mr. Peech was particularly well known in the rail- 
way world and had travelled extensively on behalf of his firm on 
railway business, especially in Canada, China, South Africa and 
Kgypt. 

During the European War he was Advisor on Shell*Steel to the 
Ministry on Munitions, and for his services he was made a Com- 
mander of the Order of the British Empire in 1918. He was also 
decorated by the French Government. 

He was elected.a member of the Iron and Steel Institute in 
1918. 
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JAMES Rotiason, of Hampton-in-Arden, died on December 2, 
1935, at the age of seventy-four. For many years he had been a 
well-known figure in the metal-tube industry in Birmingham. 
He was one of the original members of the board of directors of 
Tube Investments, Ltd., and was Deputy Chairman for sixteen 
years, retiring only a few days before his death. 

He had also been a director of Tubes, Ltd., and of Messrs. Abel 
Xollason & Sons, Ltd., wire manufacturers, of Erdington. 

With his death the Iron and Steel Institute loses one of its 
older members, for he had been elected as long ago as 1885. 


ALFRED SAXON died on December 3, 1935, at his home in 
Mancheter, at tshe age of seventy-six. On leaving Owens College 
he entered his father’s works at Openshaw, and in 1887, his father 
and eldest brother, George, having died previously, he took over 
their management; when the business was converted into a limited 
liability company under the title of George Saxon, Ltd., he became 
governing director. Under his direction the company earned for 
itself a high reputation as one of the leading builders of stationary 
engines and millwrights’ work, and many examples of its products 
are to be found in the cotton mills of Lancashire and abroad. 

Mr. Saxon took a prominent part in engineering circles in Lanca- 
shire and contributed frequently to the papers and discussions 
of the engineering societies, particularly those of the Manchester 
Association of Engineers, of which he was a Past-President. He 
was also a Past-Chairman of the North-Western Branch of the 
Institution of Mechanical Engineers and «a member of the Institution 
of Civil Engineers. He joined the [ron and Steel Institute in 1906, 
but resigned his membership in 1931. 


EpMuND Logan Tosu died on September 9, 1936, at his home 
in Ulverston, at the age of fifty-eight. For many years he had been 
associated with the iron and steel trade in North Lancashire. He 
was formerly manager of the North Lonsdale [ron and Steel Co., 
Ltd., of Ulverston, and more recently he had been connected with 
the Millom and Askam Hematite Iron Co., Ltd., of Millom. He had 
served on the Ulverston Urban District Council. Mr. Tosh was 
elected a member of the Iron and Steel Institute in 1900. 
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The Spathic Seams of the Siegerland, their Geological Forma- 
tion and Economic Importance. P. Krusch. (Gliickauf, 1936, 
vol. 72, Apr. 4, pp. 321-329). The geological features of the 
Siegerland spathic ore deposits, the largest sources of iron and 
manganese ores in Germany, are discussed, and their economic 
importance is stressed. The reserves are estimated at about 
70 million tons of ore, which, with an annual extraction of about 
1-8 million tons, should last about 40 years. 

The Chrome Ore Problem in the Soviet Union. F. Hermann. 
(Metallwirtschaft, 1936, vol. 15, Apr. 17, p. 357). The author 
presents short tables giving the estimated chrome ore reserves in 
Russia, the amounts mined in recent years, and the amounts ex- 
ported. The main problem in regard to chrome ore in the Soviet 
Union appears to be transportation, owing to the geographical 
situations of the deposits. 

The Zirconia Deposits of Brazil. A. Cownley Slater. (Sands, 
Clays, and Minerals, 1936, vol. 2, Apr., pp. 103-107). The zirconia 
deposits of Brazil are found in the states of Sao Paulo and Minas 
Geraes, in the vicinity of Cascata and Pocinhos do Rio Verde. 
Essentially, the ore is zirconia produced by hydrothermal action 
from the silicate (zircon). Veins of zirconia are found, but the 
principal deposits are in the form of beds and pockets of debris 
from the veins. The ore is concentrated by washing, and sorted by 
hand picking. High-grade ore averages 90-95% ZrO,, and low- 
grade ore 75%. Zirconium is used in zirconium steels, while the 
oxide is employed as a refractory material. 

The Geology and Mineral Wealth of Abyssinia. J. Kuntz. 
(Zeitschrift fiir praktische Geologie, 1936, vol. 44, Mar., pp. 43-50). 
The geology, techtonics, and mineral wealth of Abyssinia are dis- 
cussed. 

Coal in Asia Minor. B. Granigg. (Zeitschrift fiir praktische 
Geologie, 1936, vol. 44, Mar., pp. 35-42). The author presents a 
review of the coal deposits and the coal-mining industry of Asia 
Minor. The Ereyli-Inbolu coal basin is by far the most important 
source of fuel; it is situated on the coast of the Black Sea. There 
are numerous small deposits of brown coal also, some of which are 
being worked. 

Philippines a Source of Chrome Ore. R. Keeler. (Engineering 
and Mining Journal, 1935, vol. 136, Dec., pp. 612-613). Details 
are given of the chromite deposits now being developed in the 
Philippine Islands. In the southern corner of the island of Luzon 
there lies a deposit estimated at 100,000 tons, having a Cr,O, 
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content of about 50%. In the same island, in the Zambeles area, 
a very large deposit has been located, the outcrop of which covers 
about 1,000,000 sq. ft. of rough country; although the ore is low 
in chromic oxide, it is probably amenable to gravity concentration, 
and is likely to yield a high-grade concentrate. 

The Manganese-Ore Deposits of the World and their Importance 
to German Industry. F. Hermann. (Stahl und Eisen, 1936, 
vol. 56, Mar. 26, pp. 381-386). After touching briefly on the 
development of the importation of manganese ores into Germany 
following the introduction of the basic Bessemer process, the 
author reviews the chief sources of supply of manganese ores in the 
world. ‘The principal exporting countries are Russia, British India, 
Brazil, and, latterly, Africa, where the deposits on the Gold Coast 
and near Postmasburg have become of great importance. The 
reserves and amounts supplied are indicated and the future develop- 
ment of the world manganese-ore market is referred to. 
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Experiments on Chrome-Silica Bricks. Part I. T. R. Lynam 
and W. J. Rees. (Transactions of the Ceramic Society, 1936, vol. 
35, Mar., pp. 138-152). Chrome-silica bricks of varying chromite 
and silica contents were made and tested for behaviour when pre- 
pared and fired, refractoriness, reversible thermal expansion, 
and resistance to spalling ; they were also examined microscopically. 
From the results obtained it is concluded that certain chrome- 
silica bricks are mechanically stronger than chrome brick and less 
expansible than silica brick ; they may also show a reduced tendency 
to spalling. 

Experiments on Chrome-Silica Bricks. Part I. T. R. Lynam 
and W. J. Rees. (Transactions of the Ceramic Society, 1936, vol. 
35, Mar., pp. 153-165). During the experiments carried out in 
Part I. it was observed that the addition of small amounts of silica 
to chrome brick had a definite effect on the degree of vitrification ; 
this effect was further investigated. The resistance of chrome- 
silica bricks to slag attack was also determined, at first in the 
laboratory, and subsequently under works conditions. The addition 
of 2-5% of silica to chrome brick was found to increase the toughness 
and strength without reducing the slag resistance ; with up to 7:-5% 
of silica the high-temperature failing point exceeds that of chrome 
brick itself. High-silica batches are not very resistant to high-lime 
slags, but they resist slags with a high iron content fairly well. 
Service tests in soaking pits revealed that these bricks behave as 
well as the chrome bricks normally used; in basic open-hearth 
furnaces, however, they are less durable. 

The Behaviour of Refractory Materials under Torsion at Different 
Temperatures. Part II. Kaolin and Kaolin Silica Mixtures. A. L. 
Roberts and J. W. Cobb. (Transactions of the Ceramic Society, 
1936, vol. 35, Apr., pp. 182-204). The behaviour under torsion, 
at temperatures up to 1,100° C., of a kaolin/kaolin-grog mixture 
and mixtures of kaolin with vitreous or crystalline silica was com- 
pared. Test-pieces were burned at temperatures up to 1410° C. 
in five 2-hr. stages, and after each stage hot torsion tests and de- 
terminations of the reversible thermal expansion were carried out. 
It was observed that after the firing treatment, kaolin/kaolin-grog 
was stronger at air temperature than kaolin/vitreosil, and this 
in turn was stronger than the kaolin/quartz mixture. Prolonged 
burning increased the room temperature strength of the kaolin 
mixture but lowered that of the kaolin/silica mixtures. At air 
temperatures, the modulus of rigidity for kaolin/vitreosil was less 
than for kaolin/kaolin-grog, but at higher temperatures exceeded 
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it. Within the range 800-1000° C., however, the moduli of all the 
mixtures decreased rapidly. (See Journ. I. and 8.1., 1933, No. I., 
. 488.) 

Refractories for Enamelling Muffie Furnaces. J. Walker. 
(Institute of Vitreous Enamellers: Foundry Trade Journal, 1936, 
vol. 54, Apr. 2, pp. 265-268, 270). The author enumerates the 
general characteristics of refractories which are of importance in 
enamelling muffle furnaces—namely, refractoriness, strength, volume 
stability at elevated temperatures, resistance to slag attack and 
spalling, heat capacity, and electrical and thermal conductivity— 
and examines each in turn. Their application to furnaces heated by 
coal, oil, gas, and electricity is considered. 

Everyday Applications of Insulating Firebrick. M. J. Terman. 
(Industrial Heating, 1936, vol. 3, Jan., pp. 31-33; Feb., pp. 121- 


124, 126). After reviewing the chief characteristics of insulating 
firebrick, the author considers the following applications of this 
material: Reheating and heat-treating furnaces; soaking pit 


covers; forging furnaces; sheet normalising and annealing furnaces ; 
continuous furnaces. 

Insulation of Soaking Pits Improves Operation. S. M. Jenkins. 
(Steel, 1936, vol. 98, Mar. 9, pp. 64-68). It is pointed out that by 
insulating soaking pits and their regenerators both the thermal 
efficiency and ease of operation are improved. The best form of 
construction appears to consist of inner walls of firebrick backed by 
insulating brick, which in turn is shrouded by steel plating or a 
concrete wall, in order to eliminate air infiltration. The author 
presents thermal data derived from tests on actual soaking furnaces, 
and outlines an ideal insulating schedule for these furnaces. 
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The Influence of the Temperature Correction on the Calculation 
of the Calorific Value of Solid and Liquid Fuels. H. H. Miiller- 
Neugliick. (Angewandte Chemie, 1936, vol. 49, Mar. 7, pp. 180- 
185). When determining the calorific value of a fuel in the calori- 
meter, a correction has to be applied to allow for the difference of 
temperature between the calorimeter and the surroundings. Various 
methods of calculating this correction have been suggested. The 
author has made comparative calorific-value determinations, under 
otherwise similar conditions, but using the corrections evaluated 
in the different ways, and records his results to show the influence 
of the correction on the calorific value obtained. 

The Determination of the Ignition Temperature of Coke. W. S. 
Brown and J. H. Jones. (Journal of the Society of Chemical 
Industry, 1936, vol. 55, Apr. 3, pp. 81T-86T). In the usual method 
of determining the ignition temperature of coke a stream of air 
or oxygen is passed over a column of coke, the temperature of 
which is caused to rise at a constant predetermined rate; on 
ignition the rate of rise of temperature is accelerated, and this point 
is taken to be the ignition temperature. The authors point out 
that this temperature is dependent not only on the activity of the 
coke, but also on the conditions of the experiment, and especially 
the rate of heat transmission to the surroundings. They then 
describe experiments in which the type (and particularly the size) 
of the retort used was varied. A mathematical treatment of the 
problem is also presented, and the results obtained by experiment 
and calculation are compared. 

Coal Ash and Coal Mineral Matter. G. Thiessen, C. G. Ball, 
and P. E. Grotts. (Industrial and Engineering Chemistry, 1936, 
vol. 28, Mar., pp. 355-361). The examination of numerous ash 
analyses indicates that the chief constituents present are lime, 
alumina, silica, and iron oxide (on a sulphur-trioxide-free basis) in 
the form of clay, calcite, quartz, kaolinite, and pyrites. The 
softening temperatures of mixtures of the four oxides, in the pro- 
portions present in coal ash, correspond to the softening tem- 
peratures of the natural coal ashes. The system lime/alumina/ 
silica/iron-oxide may be represented by a quaternary diagram, of 
which the coal ash compositions occupy a limited part. The ash- 
softening temperatures are related to the liquidus isotherms. 
Clinker formation is affected by the mode of occurrence and dis- 
tribution of the most fusible component of the ash. The accelerating 
influence of pyrites on clinkering is due to the iron oxides formed 
during its combustion; iron sulphide itself has a sharp melting 
point, and gives rise to a fluid liquid which lacks binding power. 
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Controlling the Rate of Heating. A. M. Steever and L. A. 
Lindberg. (Industrial Heating, 1936, vol. 3, Jan., pp. 51-54). 
Owing to thermal lag, thermocouples often fail to indicate the true 
furnace temperatures ; in consequence automatic control apparatus 
may permit fluctuations to occur. An automatic controller which 
overcomes this difficulty is described. It consists of a cam-actuated 
switch governed by a pyrometer. Should the temperature tend to 
drop below a predetermined level the heat input is increased ; 
if it rises, the heat input is diminished. In this way a steady 
temperature is maintained. 

Recuperation as Applied to Industrial Furnaces. B. Sampson. 
(Industrial Heating, 1936, vol. 3, Feb., pp. 102-104, 120; Mar., 
pp. 161-164). The author enumerates the advantages to be gained 
from recuperative firing, and quotes an example of the successful 
application of recuperation to some oil-fired reheating furnaces. 
The effect of air preheat on the combustion process is described. 

Some Major Problems in the Utilisation of Coal. F. S. Sinnatt. 
(Journal of the Institution of Civil Engineers, 1935-1936, No. 6, 
Apr., pp. 545-564). Attention is drawn to the following major 
advances in coal utilisation: (1) The Fuel Research Coal Survey, 
which is obtaining information on the properties of the seams in 
all the main coalfields; (2) recent developments in the preparation 
of coal for the market and in processes for the cleaning of fine coal, 
and particularly the work being done on the breaking and sizing 
of coal; (3) developments in the burning of pulverised coal; (4) 
the technique for the transformation of tar and coal into motor- 
spirit by hydrogenation. The author comments on, and gives 
examples of, the diversity in the characteristics of coal from British 
seams, as disclosed by the Survey. He also describes two new 
coal-preparing appliances, namely, an air-jig dry-cleaner (de- 
veloped at the Fuel Research Station) and an experimental vacuum 
froth-flotation plant. It is shown that the use of pulverised coal is 
growing, though certain difficulties remain to be overcome. In 
this connection an improved burner and a three-way distributor 
are described, and methods of purifying chimney gases are dealt 
with. Finally, some general observations on hydrogenation are 
made. 

British Coals, their Analyses and Uses. (Fuel Economist, 
1936, vol. 11, Mar., pp. 232-233). A further collection of analyses 
and combustion data of British coals under the names and descrip- 
tions which are used in marketing them. (See Journ. I. and §8.L., 
1936, No. I., p. 208 A.) 

The South Wales Coals. J. W.Fidoe. (Engineering and Boiler 
House Review, 1936, vol. 49, Mar., pp. 671-672). The physical 
characteristics, typical composition, and general behaviour (from 
the power engineer’s point of view) of the dry steam coals of South 
Wales are described. (See Journ. I. and 8.I., 1936, No. I., p. 
113 A.) 
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The Different Petrological Types of Coals of the North of France. 
A. Duparque. (Fuel in Science and Practice, 1936, vol. 15, Apr., 
pp. 110-119). The author describes and illustrates the structures 
of the various petrological types of coals occurring in Northern 
France. (See Journ. I. and 8.1., 1934, No. IT., p. 506.) 

Float-and-Sink Investigations for Friable Coals and for the 
Finest Grains. A. Gotte. (Gliickauf, 1936, vol. 72, Apr. 18, 
pp. 378-382). The float-and-sink separation of friable coals must 
be carried out with great care, as otherwise an undesirable breaking- 
up of the washed materials will occur, which will lead to a false 
valuation of the quality of the fuel. Two methods of operation 
are described, by means of which very careful handling of the 
material is provided. One method has advantages of a practical 
character, and, further, gives a simple and effective means of 
separating the finest dusts and slimes also. 

Screening, Breaking, and Washing Plant, Glyncastle Colliery, 
Resolven. (Iron and Coal Trades Review, 1936, vol. 132, Mar. 13, 
pp. 490-492). The anthracite grading, sizing, and washing plant 
at the Glyncastle Colliery of Messrs. Cory Bros. and Co., Ltd., is 
described. 

Description of a 150-Ton-per-Hour Washery Put into Service 
Early in 1935 at the Ashington Coal Company, Northumberland. 
F. Galand. (Revue Universelle des Mines, 1936, vol. 12, Mar., 
pp. 110-111). Brief particulars of the plant and a short statement 
of the working results obtained at the Ashington Coal Co.’s coal 
washery are given. 

Investigations on the Mode of Action of the Flue-Gas Circulation 
in the Koppers Compound Circulating-Flue Coke-Oven. A. Agross- 
kin and 8. Dshjobadse. (Gliickauf, 1936, vol. 72, Mar. 28, pp. 
310-312). The authors present some notes on their tests to in- 
vestigate the circulation of the heating gas in the flues of coke- 
ovens of this type. The ovens were heated with coke-oven gas 
and also with blast-furnace gas, and the authors set themselves to 
determine what proportion of the waste-gases remained in circula- 
tion within the pairs of flues for different heating times, also the 
conditions in which a “ short-circuit ’’ of the heating gas—that is, 
the passage of the flame straight through the circulation opening 
into the neighbouring flue—could occur. Measured amounts of 
CO, gas were passed into the waste-gas stream at the top of the 
outlet flue of the pair, and gas samples were drawn off at the top 
of the inlet flue and at the bottom of the outlet flue (i.e., before 
and after the addition of the CO,); measurement of the gas volumes 
in play and estimation of the CO, in the samples gave all the data 
required. The amount of waste gas in circulation increased auto- 
matically with the coking time; further, when blast-furnace gas 
(giving a longer flame) was substituted for coke-oven gas, the amount 
of waste gas in circulation decreased automatically, so that there 
was no danger of overheating the upper parts of the flues. A short- 
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circuit of the flame was found likely to occur only if the draught 
were increased very considerably without any increase of the gas 
supply, and, in fact, no such short-circuits were observed in operation. 

termination of the Total Volume of Vapour and Gases Evolved 
by Thermal Decomposition of the Various Kinds of Coal and their 
Petrographic Modifications. W. Swiectoslawski and Miss H. Brzu- 
stowska. (Annales de l’Académie des Sciences Techniques a 
Varsovie, 1935, vol. 1, pp. 118-120). The authors present the 
results of their determination of the total volume of gases evolved 
on the dry distillation of various coals and coal constituents at 
different temperatures. Victor Meyer’s method, normally used 
for determining the vapour densities of volatile substances, was 
used. 

Permeability of Cokes from Petrographic Varieties of Coal and 
from their Mixtures, at Various Stages of Coking. M. Chorazy and 
T. Chmielinski. (Annales de l’Académie des Sciences Techniques 
a Varsovie, 1935, vol. 1, pp. 121-122). The authors present the 
results of their experiments to determine the influence of varying 
the composition of mixtures of vitrain and durain and of vitrain 
and fusain on the porosity (gas permeability) of the coke produced 
from the mixtures. In vitrain-durain mixtures the permeability 
decreases as the durain content rises to 10%, but afterwards rises 
rapidly, for all stages of coking. In the vitrain-fusain mixtures, 
the addition of fusain also diminishes the permeability, but the 
effect is smaller than in the other series. 

New Process of Low-Temperature Carbonisation. A. R. Griggs. 
(Gas Journal, 1936, vol. 214, Apr. 1, pp. 41-42). The system 
evolved by the Coal Research Syndicate for the production of solid 
smokeless fuel from non-caking or weakly caking coals is described. 
In this process the required amount of gas from the carbonising 
process is returned to the top of the carbonising chamber, where 
it is partly burnt. A controlled quantity of air is admitted, and 
the hot gases pass down through the charge, together with the 
gas evolved by carbonisation. By controlling the circulating gases 
the correct carbonising conditions may be maintained and the 
quality of the gas produced may be regulated. The carbonising 
chamber consists of a vertical steel shell lined with firebrick and is 
provided with charging and discharging gear. Among the ad- 
vantages claimed are low capital, maintenance, and working 
charges, simplicity, robustness, and ease of operation. 

The C.R.S. Low-Temperature Process. (Coal Carbonisation, 
— to Colliery Engineering, 1936, vol. 2, Apr., pp. 73- 

5, 80). ” 

Modern Applications of the Salermo Retort. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1936, vol. 2, Mar., pp. 53- 
56, 60). Details are given of the Salermo process for carbonising 
coal, shale, &c., and particularly the application of the system to 
the production of semi-coke at the Southall Station of the Gas 
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Light and Coke Company and the destructive distillation of torbanite 
by the South African Torbanite Mining and Refining Co., Ltd. 
(See also Journ. I. and §.I., 1936, No. I., p. 11 A.) 

Production of Sulphuric Acid from the Sulphuretted Hydrogen 
in Coke-Oven Gas by Wet Catalysis. H. Weittenhiller. (Gliickauf, 
1936, vol. 72, Apr. 25, pp. 399-403). The conversion of part of 
the sulphuretted hydrogen in coke-oven gas to sulphuric acid can 
now be carried out technically and economically. The author 
discusses the basic principles and limitations of the new process, 
and describes the plant at the Emil coke-oven plant of the Hoesch- 
K6ln Neuessen A.-G. 

The Producer Gas Controversy. (Coal Carbonisation, Supple- 
ment to Colliery Engineering, 1936, vol. 2, Apr., pp. 76-78). The 
use of gas producers as auxiliary plant for heating up coke ovens is 
discussed. It is concluded that gas producers are likely to be used 
extensively for this purpose in the future. 

The Production of Water Gas and Synthetic Gas from Coal. 
W. Schultes. (Gliickauf, 1936, vol. 72, Mar. 21, pp. 273-285). 
After a brief account of the chemical reactions fundamental in the 
formation of water gas, blue gas, producer gas, &c., the author 
reviews the development of the gas producer from its earliest form 
to the modern large machines. He then discusses various methods 
that have been proposed in the literature for the production of 
synthetic gas, and touches on the economy of these processes. 

The Employment of Blast-Furnace Gas in Industrial Furnaces 
with the aid of Steel Recuperators. A. Schack. (Demag News, 
1936, vol. 10, Mar., pp. 1-8). The author points out that for several 
reasons—for instance, the rather low calorific value of the gas, and 
high percentage of inert constituents—it is desirable to preheat 
both the blast-furnace gas and the air required to burn it. He then 
describes a suitable recuperator for this purpose constructed of heat- 
resisting chromium-steel tubes, and indicates the results obtainable 
by its use. 

High-Pressure Gas-Firing for Industrial Furnaces. (Iron and 
Steel Industry, 1936, vol. 9, Mar., pp. 215-216). A system of 
high-pressure gas-firing suitable for supplies at about 5 lb. per sq. 
in. (such as are available in Germany) is described. The Selas patent 
burner is employed ; it utilises the multiple injector principle, and is 
said to be very flexible, readily controlled, and highly efficient. 

Operating Results of German Open-Hearth Furnaces Fired with 
Coke-Oven Gas. B. von Sothen. (Stahl und Eisen, 1936, vol. 
56, Mar. 12, pp. 321-328; Mar. 19, pp. 351-362). The paper gives 
a survey of the basic principles of the firing of open-hearth furnaces 
with cold coke-oven gas; operating results are presented, and a 
comparison is made between producer-gas, mixed-gas, and cold-gas 
operation. First of all the properties of the three types of fuel are 
compared, and the fundamental differences are made clear by means 
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of heat balances. The second section gives an outline of the 
development of cold-gas firing with numerous illustrations, by means 
of which the development of the construction of furnaces for cold- 
gas-firing isexplained. In the third section are collected together the 
results of a questionnaire circulated by the Steelworks Committee 
of the Verein deutscher Eisenhiittenleute and the Warmestelle, 
Diisseldorf, the purpose being to determine the relations between 
the dimensions of the furnaces and the operating results obtained and 
to find out what experience was available with regard to the influence 
of the condition of the fuel gas. Experience of the use of carburetting 
materials and the possibilities of developing cold-gas operation are 
then discussed. From the data presented, representative figures 
for checking and design purposes are deduced. Finally, proposals 
are made for the improvement of cold-gas operation, and suggestions 
for further investigations to clear up questions still in doubt are put 
forward. 

Construction and Laying of Long-Distance Gas Mains. R. F. 
Starke. (Réhren- und Armaturen-Zeitschrift, 1936, vol. 1, Mar., 

p. 16-21). In this discussion of the construction and laying of 
long-distance gas mains, a large number of designs of welded joints 
is illustrated. 

Boosters for High-Pressure Gas Distribution. (Coal Carbonisa- 
tion, Supplement to Colliery Engineering, 1936, vol. 2, Mar., pp. 
50-52, 59). Compressors of the rotary, centrifugal, and recipro- 
cating types suitable for use as gas boosters are described. 

Liquefied Fuel Gas. H. Pickering. (Journal of the Institute of 
Fuel, 1936, vol. 9, Apr., pp. 251-256). The chemical properties, 
methods of manufacture, distribution, and industrial uses of lique- 
fied fuel gas (butane and propane) are outlined. 
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Hot Blast Temperature is Controlled Automatically. G. P. 
Lonergan. (Steel, 1936, vol. 98, Mar. 30, pp. 66-68). A method 
of regulating the temperature of the hot-blast in which control is 
accomplished by automatic manipulation of the mixing valve in the 
by-pass between the cold-blast and hot-blast mains, is briefly 
outlined. The apparatus includes a controlling pyrometer, an 
electrical valve operator, and a group of adjustable interrupters. 
An overriding manual control is also provided. 

The Problem of the Smelting of Low-Grade German Iron Ores. 
H. Réckling. (Zeitschrift des Vereines deutscher Ingenieure, 1936, 
vol. 80, Mar. 14, pp. 293-295). The endeavour to make greater use 
in Germany of local iron ores has brought with it the problem of 
smelting low-grade ores with an economically-supportable coke 
consumption. After discussing the pre-war, war-time and post- 
war conditions of iron smelting in Germany and methods of enriching 
low-grade ores, the author describes his experiments on the direct 
smelting of such ores in the blast-furnace without previous enrich- 
ment. He concludes that, in order to make good steel, it is not 
necessary for the blast-furnace slag to contain 40-50% of CaO and 
29-32% of SiO,: slags with considerably less lime and much more 
silica can be used, provided that the rules of good blast-furnace 
operation are observed—namely, the charge should contain no 
fine ore, and moisture and CO, are driven out more economically 
in an oxidising or a neutral atmosphere than in a reducing one. The 
working of acid ores without the usual lime-rich slags makes any 
addition of manganese ore in the charge for basic Bessemer pig 
iron uneconomical, because of the large quantities of slag necessarily 
produced in any such process. The resulting high sulphur content 
in the pig can be reduced to within safe limits by treatment with 
molten soda. Special precautions must be taken in operating 
the basic Bessemer converter on account of the relatively high 
silicon content of the iron. 

Contribution on the Smelting of Scrap in the Blast-Furnace. 
W. Lennings. (Stahl und Eisen, 1936, vol. 56, Mar. 19, pp. 349- 
351: Mitteilungen aus den Forschungsanstalten des Gutehoff- 
nungshiitte-Konzerns, 1936, vol. 4, Apr., pp. 118-122). The author 
presents the results of an investigation of the coke consumption 
when making high- and low-silicon pig irons from blast-furnace 
charges containing scrap metal. The figures obtained are discussed 
and the influence of the mode of working the furnace is indicated. 
In presenting his results, the author points out that they refer only 
to quite definite operating conditions, and therefore a critical 
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comparison with other values obtained under different conditions 
is not possible. 

Foundry Pig Iron Made in Smaller Size. G. A. T. Long and 
W. M. Ramsey. (Steel, 1936, vol. 98, Mar. 16, pp. 55-56). A 
smaller size of pig iron has been produced by Messrs. Pickands, 
Mather and Co., Cleveland, which is marketed under the name of 
Meltrite. It is claimed that the smaller pigs approximate more 
closely to the size of the pieces of scrap, &c., also charged into the 
cupola, so reducing the melting time and foundry losses. 

Reduction Experiments on Titanium Iron Ores. J. Klirding. 
(Stahl und Eisen, 1936, vol. 56, Apr. 30, p. 515). The results of 
tests on the reducibility of two natural and two artificial titanium 
iron ores (mixtures of CO plus CO, were passed over the ore at a 
definite temperature, and the extent to which reduction occurred 
was determined) are recorded and discussed briefly. 

The Swedish Steel Industry. H. Dahlerus. (Skandinaviska 
Kreditaktiebolaget Quarterly Report, Apr., 1936: Iron and Coal 
Trades Review, 1936, vol. 132, Apr. 24, p. 752). Owing to the lack 
of native coal resources special conditions obtain in the Swedish 
iron and steel industry. The author explains that these conditions 
have directed attention towards sintering processes, and the pro- 
duction of pig iron by the electric blast-furnace and of steel by 
direct methods. 

The First Blast-Furnace Works in Oberhessen and the Origin 
of their Smelters. IF. Sauer. (Giesserei, 1936, vol. 23, Mar. 13, 
pp. 137-139). The author presents some notes on the very early 
blast-furnace works built in Oberhessen (Germany) as early as 
the middle of the 16th century, on their owners, and on the financial 
structure of the concerns. 

The Coming of Iron. G. A. Wainwright. (Antiquity, Mar., 
1936, Reprint). An account is given of the earliest known evidences 
of the knowledge and use of iron by man. It is pointed out that 
iron was originally known through its occurrence in meteorites. 
In Egypt it was associated with magic, and called bia, though not 
until smelted iron was being imported in the 14th century B.c. 
was the term ni-pet (“of the sky’) added. Actually, Egypt was 
the last country of the Near East to enter the Iron Age. Meteoric 
iron was known in Mesopotamia before 3000 B.c. and smelted iron 
prior to 2800 B.c., but until 1100 B.c. the metal was as rare there 
as in Egypt. From the 20th century B.c. iron was used regularly 
in Asia Minor, some of it apparently meteoric. From 1500 B.c. 
onwards iron daggers, &c., were exported from Asia Minor, north 
Syria, and north-west Mesopotamia. By 1100 8.c. Assyria, 
Carchemish, Cyprus, and Greece and the Aegean were entering the 
Iron Age, and by the 8th century B.c. Sargon of Assyria had laid 
up in his storehouses 150 tons of iron. 
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Kelsey-Hayes Melts Iron and Steel in Brackelsberg Units. FI. J. 
Oliver. (Iron Age, 1936, vol. 137, Apr. 9, pp. 46-48). Several 
Brackelsberg melting furnaces are in use at the foundry of the 
Kelsey Hayes Wheel Co. They are of the rotary cylindrical type, 
inclinable for charging purposes and fired with pulverised coal and 
preheated air. These furnaces are used for melting grey iron and 
alloy steel for composite brake drums. 

The Deblanchal Rotary Melting Furnace. ©. F. Herington. 
(Blast Furnace and Steel Plant, 1936, vol. 24, Feb., pp. 153-156 : 
Heat Treating and Forging, 1936, vol. 22, Feb., pp. 93-96). The 
Deblanchal rotary furnace consists of a cylindrical refractory-lined 
shell, provided with a gas-flue leading to a recuperator at one end, 
and a fuel and air port at the other. Air for combustion is pre- 
heated in the recuperator, and oil firing is adopted. The furnace 
may be used for melting grey iron and non-ferrous metals; it is 
claimed to have many advantages, including simplicity, low cost, 
close control and speed of melting. 

Sand- and Shot-Blasting. J. H. D. Bradshaw. (Institute of 
British Foundrymen: Foundry Trade Journal, 1936, vol. 54, 
Mar. 12, pp. 205-208). The salient features of the suction, gravity, 
and pressure systems of sand- and shot-blasting are compared, 
the advantages of airless (i.e., centrifugal) machines are set forth, 
and the merits of boron carbide as a material for nozzles, and of 
metallic instead of mineral abrasives, are examined. 

Moulding Sand Testing Apparatus. H. W. Dietert. (Sands, 
Clays and Minerals, 1936, vol. 2, Apr., pp. 161-166). Instruments 
for estimating the moisture content, permeability, strength, ex- 
pansion, and contraction of moulding sands are described. 

Some Notes on the Gating of Castings. J. E. Garside. (Institute 
of British Foundrymen: Foundry Trade Journal, 1936, vol. 54, 
Apr. 23, pp. 326-327). The author discusses the size, position, 
and number of risers and runners to ensure successful casting. 

Steel Castings are Produced in Moulds Bonded with Cement. 
P. Dwyer. (Foundry, 1936, vol. 64, Mar., pp. 30-32, 71). The 
steps involved in the production of cores by the Randupson 
process are described. (See Journ. I. and §8.1., 1936, No. I., p. 
213 A.) 

Modern Coreshop Production. W. H. Smith. (Institute of 
British Foundrymen: Foundry Trade Journal, 1936, vol. 54, 
Apr. 9, pp. 279-281; Apr. 16, pp. 301-303). After describing in 
general terms the layout of a modern coreshop the author goes on 
to consider the actual methods used in seven typical coreshops. 
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A Plea for Loam Moulding. R. Liddle. (Institute of British 
Foundrymen: Foundry Trade Journal, 1936, vol. 54, Apr. 9, 
pp. 283-286). The equipment and technique used for loam moulding 
are described. 

Simplifying the Complicated Mould to Cut Production Costs. 
J. H. Eastham. (Iron Age, 1936, vol. 137, Mar. 26, pp. 40-42). 
The way in which the production of a difficult casting (a tyre 
machine table) was simplified is explained. 

The Foundry Department of a Modern Steelworks. (Foundry 
Trade Journal, 1936, vol. 54, Mar. 12, pp. 209-211). A short 
description of the foundry at the Hawarden Bridge Steelworks of 
Messrs. John Summers and Sons, Ltd., is given. 

Some Special Test-Pieces for the Iron Foundry. L. G. Gouttier. 
(Revue de Fonderie Moderne: Foundry Trade Journal, 1936, vol. 
54, Apr. 16, pp. 299-300). Test-pieces are described for testing 
the “ life ’ (flowability) of the metal, the chill effect, for estimating 
the sulphur content, determining porosity and internal stresses, 
and for testing moulding materials. 

Influence of Various Factors on the Graphitisation during the 
Solidification of Cast Irons. A. Portevin and R. Lemoine. (Aca- 
démie des Sciences, Apr. 15, 1936: Génie Civil, 1936, vol. 108, May 
2, pp. 428-429). The authors present the results of experiments 
devised to demonstrate the advantage of adding a small quantity 
of calcium to molten cast iron as a means of increasing the number 
of nuclei for the production of the graphite in as fine a form as 
possible. Calcium metal was effective but its use presented diffi- 
culties; silico-calcium (259% Ca) could be handled more con- 
veniently. By adding silico-calcium, together with sufficient 
oxidising salts (carbonates, permanganates, alkaline bichromates) 
to oxidise the whole of the silicon plus calcium added, to the molten 
iron in the ladle and stirring thoroughly, the best results were 
obtained; addition advantages were a decrease in the sulphur 
content, a rise of temperature of the metal, and the formation of 
an easily separated slag. The strength in deflection and shear, 
and the hardness, were the properties measured. 
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British Steelworks. No. 7—Thos. Firth & John Brown, Ltd. 
(British Steelmaker, 1936, Apr., No. 4, pp. 103-105). A_ brief 
account of the melting, forging and rolling equipment of the above 
steelworks is presented. 

The Hawarden Bridge Steelworks of John Summers and Sons, Ltd. 
(Sheet Metal Industries, 1936, vol. 10, Mar., pp. 213-217). An ac- 
count is given of the No. 2 Steelworks. This plant produces sheets 
and flat-rolled products. The melting, rolling and finishing depart- 
ments are described, together with the foundry. 

Steelworks Operation with Tilting Open-Hearth Furnaces at the 
Appleby Works of the United Steel Company. G. Bulle. (Stahl 
und Eisen, 1936, vol. 56, Apr. 16, pp. 468-469). A short account is 
given of the plant and practice at the Appleby-Frodingham works of 
the United Steel Companies. 

The Metallurgy of Crucible Steel Making. O. Meyer, W. Eilender, 
and A. Walz. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, 
Apr., pp. 475-481). In order to elucidate the metallurgical reactions 
taking place during the making of crucible steel, a series of experi- 
mental melts was made, in which the behaviour of the carbon, 
silicon and manganese, and also of the oxygen and nitrogen, was 
investigated. It was shown that the “ boil,” which is of such 
decisive importance to the quality of the steel, is attributable 
primarily to the reaction of the carbon in the crucible with the 
crucible material, and that there is practically no reduction of silicon 
from the slag. Further, of importance in judging of the crucible- 
steel melting process is the fact that, during normal heats, inter- 
actions between the bath, the crucible wall and the slag result in the 
production of a slag of approximately constant composition. 

Works Investigation on the Course of the Refining in the Basic 
Bessemer Converter. W. Bading. (Stahl und Eisen, 1936, vol. 
56, Apr. 2, pp. 409-416). By means of a special sampling arrange- 
ment the author was able to draw samples of the metal and of the 
slag at any moment during the blow of a basic Bessemer converter ; 
in this way he was able to follow the refining process in detail, and 
his experimental results are recorded. The behaviour of the in- 
dividual elements in the iron and in the slag is discussed. The results 
obtained confirm those of earlier work and extend the knowledge of 
the refining process in the basic converter. 

Refining Iron to the Malleable Condition. W. McConnachie. 
(Blast Furnace and Steel Plant, 1936, vol. 24, Feb., pp. 141-144, 
148). The author examines the elementary oxidation processes 
which take place when pig iron is converted to steel. He refers 
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particularly to the behaviour of the metalloids in steelmaking, 
and to the réle of the oxygen and water vapour in the blast in the 
Bessemer process. 

Heat Losses in the Bessemer Converter. (Iron and Coal Trades 
Review, 1936, vol. 132, Mar. 13, pp. 487-488). An account of some 
work carried out by M. Paschke and E. Peetz, published in Stahl 
und Eisen, 1936, vol. 56, Jan. 23, pp. 86-93, is presented. (See 
Journ. I. and 8.1., 1936, No. I., p. 174 4). 

Iron Content of Basic Bessemer Slag for Various Blowing Periods. 
O. Scheiblich. (Stahl und Eisen, 1936, vol. 56, Apr. 30, pp. 505- 
509). The author describes experiments, and their results, which 
were carried out to determine to what extent the iron content of 
basic Bessemer slag was dependent on the duration of the blow. 
It was found that, under metallurgically equal conditions, an increase 
in the length of the blow had practically no effect on the iron con- 
tent of the slag. On the other hand, owing to the decreased re- 
liability, short blows could lead to iron contents greater than might 
have been expected from the working conditions, and in the latter 
case a higher finishing temperature of the bath was also a possibility. 

The Stevens Open-Hearth Furnace. (Blast Furnace and Steel 
Plant, 1936, vol. 24, Feb., pp. 157-159). In the Stevens open- 
hearth furnace particular care is taken to control the air and fuel 
going into the furnace and to exclude infiltered air. These improve- 
ments are said to increase the yield of ingots, reduce the fuel and 
refractory costs, increase the output, and diminish the pig, &c., 
charged. 

New Open-Hearth Checker Increases Efficiency of Regenerator 
Chambers. M. K. Mellott. (Iron Age, 1936, vol. 137, Mar. 19, pp. 
44-45). (See Journ. I. and §.1., 1936, No. I., p. 162 a). 

The Refining of Molten Pig Iron in the Acid Open-Hearth Furnace. 
C. G. Cedervall. (Varmlandska Bergsmannaféreningens Annaler, 
1935, pp. 106-128: Stahl und Eisen, 1936, vol. 56, Apr. 23, p. 
493). The author gives an account of the use of molten pig iron 
in the acid open-hearth furnace and makes a comparison with 
previous practice at Hofors with a cold charge, showing that the 
time was cut down and the output raised. The data all relate to 
chromium steel (ball-bearing steel) with about 1% of carbon and 
1-5% of chromium. The charge consisted of pig iron and scrap 
with the same composition as that of the metal produced. 

The Deoxidation of Open-Hearth Steel. G. Husson. (Revue 
de I’Industrie Minérale, Mémoires, 1936, No. 367, Apr. 1, p. 384). 
A short discussion on the reaction between the carbon and the FeO 
in the bath of steel and the question whether it is endo- or exo- 
thermic. 

The Desulphurisation of Pig Iron and the General Laws Governing 
the Desulphurisation of Iron. H. Wentrup. (Technische Mit- 
teilungen Krupp, 1936, vol. 4, Mar., pp. 38-58). An abridgement 
in German of the author’s paper which was published in full in 
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Iron and Steel Institute, Carnegie Scholarship Memoirs, 1935, vol. 
24, pp. 103-166. 

The Metallurgy of Substances Accompanying Iron. I. Korber. 
(Stahl und Eisen, 1936, vol. 56, Apr. 9, pp. 433-444). The first 
part of this paper is concerned with the formation of compounds 
in molten iron. By reference to experiments, the influence of 
the formation of silicides, phosphides, and carbides on the equilibria 
of the molten metal with the oxides of the slags is shown. ‘The 
combination of iron and manganese with silicon, phosphorus, and 
carbon diminishes considerably their power to reduce foreign 
oxides. As an indication of the strength of combination of the iron 
silicides, their heats of formation are given, both for the solid and 
for the liquid condition. It is then shown that a displacement 
of the equilibria of the reactions between the various elements in 
the metal (Fe, Mn, Si) with their oxides in the slag (FeO, MnO, SiO,) 
is caused not only by such additions to the iron melt as will form 
definite compounds, but also the addition of elements (e.g., nickel) 
which do not form definite compounds with iron and manganese. 

In the second part, the behaviour of chromium in regard to 
acid slags is indicated. Experimental data are recorded which 
supply information on the slagging of chromium by silicate slags 
with varying contents of ferrous oxide, and on the reactions of 
the chromium dissolved in the molten iron with the silica and 
manganous oxide of the slags; they also throw light on the co- 
operation of chromium in the deoxidation of steel heats with 
manganese and silicon, and on the chromium contents of the silicate 
inclusions so produced. 

The behaviour of vanadium towards acid and basic slags is 
next dealt with. In regard to acid slags vanadium is a weaker 
reducing agent than manganese, but with basic slags the reverse 
is the case. Thus, there is a fundamental difference in the co- 
operation of vanadium during deoxidation according to whether 
the deoxidation is effected with manganese alone or with manganese 
and silicon together. In the first case the deoxidising effect of 
even small vanadium contents (0-1% V) is considerable, whereas 
in the second its influence is much less and is almost completely 
masked by the action of the manganese and silicon. 

In conclusion, the author gives consideration to experimental 
results that have been obtained in the investigation of the equilibria 
between molten iron and silicate-sulphide slags. 

The Automatic Ultra-Rapid Hydraulic Regulation of Electric 
Furnaces Subjected to Heavy Electrical Fluctuations. (Houille 
Blanche, 1935, vol. 34, Nov.—Dec., pp. 174-181). The operation 
of electric arc furnaces is characterised by continual changes in 
the condition of the bath and the superambiant atmosphere, and 
these lead to corresponding variations in the power consumed, 
excessive electrode wear, and other undesirable effects. These 
changes may be very abrupt and rapid, and many electrode regu- 
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lators are unable to cope with them. This article describes the 
construction and operation of the Guénod hydraulic electrode 
regulator, which is stated to be very rapid in its action. 

The Work of the Heterogeneity of Steel Ingots Committee. 
W. H. Hatfield. (Iron and Steel Institute, 1936, Special Report 
No. 12). This report is a review of the activities of the Committee 
on the Heterogeneity of Steel Ingots set up by the Iron and Steel 
Institute and the British Iron and Steel Federation and reporting 
to the Iron and Steel Industrial Research Council. It covers the 
work of the Committee since its inception in May 1924, and embraces 
general studies of the nature of heterogeneity (during which sixty- 
nine ingots were examined), and of the effect of casting temperature 
on crystallisation and the mechanism of freezing. Short sum- 
maries of complementary researches by members of the Committee 
and other investigators are given; the subject matter of these 
researches dealt with the freezing temperatures of commercial 
steels, non-metallic inclusions, oxy gen in steel, nitrogen and other 
gases in steel, the effect of gases in rimming steel, the density of 
molten steel, and differential solidification. Other work undertaken 
included mathematical researches on behalf of the Committee, 
and investigations on the determination of the temperature of 
liquid steel and the problem of ingot mould design. There are 
six appendices, covering the personnel of the Committee, an analysis 
of the six Reports issued during the period under consideration, 
details of the sixty-nine ingots so far examined, and of the ingot 
moulds investigated, an index of work done, and an index of work 
in prospect. 

Primary Crystallisation of Metals. F. R. Hensel. (Blast 
Furnace and Steel Plant, 1936, vol. 24, Feb., pp. 145-148; Mar., 
pp. 231-234). The mechanism of primary crystallisation is dis- 
cussed. First the type of crystallisation which occurs in steel 
ingots is examined, and an attempt is made to elucidate the factors 
at work by reference to the behaviour of a material such as salol. 
The effect of the casting conditions (degree of superheat, tem- 
perature and nature of mould) on the primary crystallisation is 
then considered, in the light of experiments with tin, zinc, silicon 
steel, and other materials. 

Some Remarks on the Formation of Flakes in Chromium-Nickel- 
Molybdenum Steels. I. Musatti and A. Reggiori. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. 1, pp. 451- 
472). (See Journ. I. and §.1., 1936, No. I., p. 127 a.) 

Flakes in Steel Forgings. (Metal Treatment, 1936, vol. 2, 
Spring issue, pp. 14-16, 23). A summarised translation of two 
articles on the above subject by L. Guillet and M. Ballay, and I. 
Musatti and A. Reggiori which napecnes in Revue de Métallurgie, 
Mémoires, 1935, vol. 32, Nov., pp. 522-530 and 532-552. (See 
Journ. I. and §.I., 1936, No. I., p. 127 a.) 
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FORGING, STAMPING, AND DRAWING 





A Large Horizontal Forging Machine. (Engineering Progress, 
1936, vol. 17, Apr., pp. 95-97). Details are given of a large hori- 
zontal upset forging machine capable of exerting a pressure of 
2000 tons and taking work up to a maximum diameter of 12 in. 
The machine is equipped with four safety devices and a compre- 
hensive system of forced lubrication. 

Compression and Forging. P. Regnauld. (Génie Civil, 1936, 
vol. 108, Apr. 18, pp. 371-373). The author presents a mathematical 
study of the mechanics of the deformation of a piece of metal under 
the action of the tup of a forge hammer; both cases of static and 
dynamic compression, are considered. In order to surmount 
difficulties due to the complexity of the laws of the development 
of impact forces, the author assumes that the phenomena take 
place as though these forces were constant for the duration of the 
phenomena, which, he believes, gives a sufficiently close approxima- 
tion; the permanent deformations are those primarily investigated, 
and use is made of formule which are not very well known. 

Contribution to the Study of Forgeability. Research for a 
Laboratory Test. A. Portevin, E. Prétet, and J. de Lacombe. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. 1, 
pp. 339-357: Revue de Métallurgie, Mémoires, 1936, vol. 33, 
Feb., pp. 114-132). The authors first discuss the mechanical 
testing of metals and the use of the results obtained in estimating 
the resistance to deformation and the capacity for deformation 
of the materials examined. They then present the results of 
comparative tests made on mild forging steels, a red-short steel, 
nickel austenitic steels, an austenitic steel capable of structural 
hardening, and two brasses, and discuss the relative merits of the 
tests as measures of forgeability. 

Forging and Heat-Treating Locomotive Parts. J. B. Nealey. 
(Iron Age, 1936, vol. 137, Mar. 19, pp. 38-42: Steel, 1936, vol. 98, 
Mar. 23, pp. 32-35). The author explains in detail the forging and 
heat-treating practices and equipment used in the shops of the 
Pennsylvania Railroad at Altoona, Pa. Formerly the furnaces 
were producer-gas- or oil-fired; town gas is now used, with marked 
economy. Old scrap is reclaimed by reheating and forging down 
into new shapes. 

Tool Design for Cold Upsetting. (Metal Industry, 1936, vol. 48, 
Apr. 10, pp. 435-437, 447). An account is given of the design of 
tools for cold-upsetting wire stock. Tools for single-, double-, 
and triple-blow work are considered. 
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The Position of Metal Forming. E. 8S. Jones. (Metal Treat- 
ment, 1936, vol. 2, Spring issue, pp. 40-41, 52). The author con- 
siders that progress in the production of stampings, forgings, and 
hot pressings has not kept pace with recent developments in the 
design and operation of machine tools. He suggests that if this is 
to be remedied further attention should be given to accuracy, 
consistency, the absence of flash, hard scale and flaws, and the 
conservation of mechanical and physical properties. 

The Calculation of Wire Drafts and the Use of the Slide Rule 
in the Wire Mill. T. Gore. (Wire and Wire Products, 1936, 
vol. 11, Apr., pp. 173-175). Simple examples of the calculations 
involved in wire-drawing practice are given. 

Drawing Square, Rectangular and Irregular Shapes and Sections. 
(Wire and Wire Products, 1936, vol. 11, Feb., pp. 76-77). The 
construction and use of the “ 'Turk’s head ”’ or adjustable die for 
drawing irregular shapes are outlined. In principle the device 
consists of a head carrying four rolls set at right angles, which revolve 
as the metal is pulled through the opening between the rolls. Plain 
or shaped rolls may be employed; the “'Turk’s head”’ is stated to 
have many advantages over the dies ordinarily used. 

Wire Beginnings. K. B. Lewis. (Wire Industry, 1936, vol. 3, 
Jan., pp. 3-9; Feb., pp. 49-57). The author traces the early 
history of wire drawing from pre-Christian to relatively recent 
times, with references to the genesis and development of the industry 
both in Europe and in England. 

Early British Wire History. (Wire Industry, 1936, vol. 3, 
Mar., pp. 99-105). Continuing the above series of articles ‘‘ Wire 
Beginnings ” on the early development of the wire industry, the 
early history of the art of wire manufacture in Great Britain is 
outlined. Particular reference is made to the invention, by James 
Horsfall, of patented steel wire. 

The History of the Forges and Wire Works in Ferlach and 
Waidisch. L. Jahne. (Montanistische Rundschau, 1936, vol. 28, 
Feb. 16, pp. 1-4). Some historical notes on forges and iron wire 
works in Ferlach and Waidisch, Austria, are given. 
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ROLLING-MILL PRACTICE 


Progress in the Knowledge and Operation of Processes of Plastic 
Deformation. E. Siebel. (Metallwirtschaft, 1936, vol. 15, Mar. 
20, pp. 277-279). The continuation of a previous article (see 
Journ. I. and §.I., 1936, No. I., p. 129 4). In this instalment the 
author discusses skew-rolling and rolling in the pilger mill. 

Roll Grinding. J. R. Leonard. (Wire and Wire Products, 
1936, vol. 11, Mar., pp. 125-126, 149-152). The mechanics of roll 
grinding, the problem of lubrication, and the design of roll-grinding 
machines are each briefly touched on. 

Mocern Roli Grinders. H. Meerstein. (Engineering Progress, 
1936, vol. 17, Apr., pp. 91-95). A modern German machine suitable 
for grinding rolls of steel, cast iron, non-ferrous, and other materials 
is described. Special attachments are provided for giving camber 
to the rolls and for squaring and taper-grinding the journals. 

Designing for Lubrication. Its Importance in Mill Equipment. 
C. R. Hand. (Iron and Steel Engineer, 1936, vol. 13, Mar., pp. 
13-19). Numerous examples of bearing and gear failure due to 
faulty design are cited; the reasons for failure are explained, and 
the remedial measures adopted are given. 

Demag Precision Pinion Housings. (Demag News, 1936, vol. 
10, Mar., pp. 12-13). Split housings for rolling-mill service designed 
to eliminate the disadvantages commonly associated with these 
components are described. 

Carnegie-Illinois Steel Corp. New Hot Strip Mill at McDonald, 
Ohio. J. Kelly. (Iron and Steel Engineer, 1936, vol. 13, Apr., 
pp. 15-23). (See Journ. I. and §.I., 1936, No. I., p. 62 a). 

Hot Strip in 3200-lb. Coils Handled over 450-ft. Conveyor System. 
F. L. Prentiss. (Iron Age, 1936, vol. 137, Mar., pp. 58-61). The 
conveyor system for the transport of coils of hot strip at the 
McDonald Works of the Carnegie-Illinois Steel Corpn., McDonald, 
Ohio, is described. 

McDonald Mill of the Carnegie-Illinois Steel Corporation. (Blast 
Furnace and Steel Plant, 1936, vol. 24, Mar., pp. 224-230, 234). 
(See Journ. I. and §.1., 1936, No. I., p. 62 a). 

New Japanese Strip Steel Rolling Mills. H. P. Lemm. (Stahl 
und Eisen, 1936, vol. 56, Apr. 30, pp. 513-514). Brief particulars 
of the strip mill of the Tokuyama 'Teppan Kaisha, Ltd., are given, 
with illustrations. 

Handling Cold Strip Coils at Campbell Works. (Iron Age, 1936, 
vol. 137, Apr. 16, pp. 48-44). An account is given of the equipment 
used for the transport of coils of cold strip at the Campbell Works 
of the Youngstown Sheet and Tube Co. Handling is done by means 
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of three trucks carrying movable rams upon which the coils are 
slung. 

Novel Signalling System for Strip Mill. (Iron Age, 1936, vol. 
137, Apr. 2, p. 39). Anew system of signalling between the operator 
and inspector has been installed at the 79-in. continuous hot-strip 
mill of the Youngstown Sheet and Tube Co., Campbell, Ohio. 
Transmitters at the inspector’s stations (i.e., at the coiler and piler) 
are in electrical communication with a receiver at the operator’s 
station. By means of synchronised dials the inspector signals 
the condition of the strip to the operator, who is then able to make 
the required adjustment and inform the inspector by dialling back. 

Problems of Motor Application for Continuous Mill Auxiliaries. 
F. E. Harrell. (Iron and Steel Engineer, 1936, vol. 13, Apr. pp. 
53-58). The factors which govern the selection of motors for 
continuous mill auxiliaries such as run-out tables, electric shears, 
and similar applications are discussed. 

Experiments on Hot Saws and Hot-Saw Blades. K. Hiusler. 
(Stahl und Eisen, 1936, vol. 56, Apr. 23, pp. 490-492). On the 
basis of his experiments the author discusses the various influences 
in play during the sawing of steel, such as the temperature and 
shape of the material cut, the strength of the saw blade, the pitch 
and profile of the teeth, the rate of feed, the speed of cutting, cooling, 
the 5 sai and material of the saw blade, and the resharpening 
of the teeth. 

A Precision Sheet Straightening Machine. L. Reichert. (Engi- 
neering Progress, 1936, vol. 17, Mar., pp. 58-60). After referring 
to the limitations of hand straightening and of simple machine 
straighteners the author describes the modern type of precision 
sheet straightening machine which has now been developed. Plain 
straighteners require the use of packing strips to remove irregu- 
larities; the precision machine uses slender work rolls supported 
by separate short backing rolls (three to each work roll); the latter 
are adjusted where and as pressure is required, the movement being 
taken up by flexure of the straightening rolls. In this way pressure 
may be applied to any part of the sheet. The upper and lower 
sets of rolls are arranged to be convergent towards the entry end, 
so that the greatest pressure is applied on entry. 

The Diesel Locomotive. Its use in the Steel Plant. A. H. 
Candee. (Iron and Steel Engineer, 1936, vol. 13, Mar., pp. 30-36). 
The essential characteristics of the Diesel-engined locomotive, and 
the extent to which it can be applied to steel plant transport service 
are indicated; the operating results of steam- and Diesel-engined 
units are compared. 

Rapid Lowering Device for Tempering Cranes. (Demag News, 
1936, vol. 10, Mar., pp. 8-11). A mechanical braking device which 
permits the rapid lowering of heavy loads (as is sometimes required 
on tempering cranes) is described. The necessary control over the 
braking operation is accomplished by the use of a control motor. 
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PYROMETRY 


A New Combined Colour Pyrometer with Comparison Lamp. 
G. Naeser. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Apr., 
pp. 483-485). The author describes the “‘ Bioptix ”’ combined colour- 
intensity (brightness) pyrometer and its manipulation. With it 
the true temperature of all heat-radiating bodies which do not 
radiate selectively can be measured with an average error of + 10°C. 
A single measurement suffices to indicate whether black-body 
radiation is in question or not. 

Measuring Practice with a New Colour Pyrometer. K.Guthmann. 
(Stahl und Eisen, 1936, vol. 56, Apr. 23, pp. 481-489). Temperature 
measurements with the new “ Bioptix ’ combined colour-intensity 
(brightness) pyrometer showed that, on the whole, the tempera- 
ture corrections based on the emissivity of the radiating body, 
as given in the literature, particularly in the case of the large 
differences between the true and the optically observed temperatures 
occurring under practical melting conditions, were confirmed by the 
temperature readings given by the new pyrometer, by means of 
which the true temperature can be read directly independently of 
the conditions of radiation and with an accuracy of + 10°. In 
some cases, however, the corrections lay well above the temperatures 
previously accepted as correct. The correction for flame tempera- 
ture depends on whether the flame is (a) strongly illuminating and 
thick, the radiation from which corresponds to black-body radiation, 
(b) transparent, in which case a black-body is also being sighted on, 
namely, the hearth or furnace, or (c) a medium illuminating fluttering 
flame, in which case corrections of up to 200° were determined. 
The correction in the case of furnace and hearth temperatures 
depends on the presence of radiating flames, on the uniformity of 
the temperature of the hearth and the charge, and on whether the 
furnace doors are shut. For the tapping temperatures of blast- 
furnaces and cupolas, and for high-frequency, electric and open- 
hearth furnace heats the corrections lie between 100° and 200°, 
averaging about 130°. The true discharge temperatures of ingots, 
blooms and forgings, &c., were, on an average, about 5° to 30° 
higher than the “ optical’ temperatures measured with a dis- 
appearing-filament pyrometer. 

Two New Applications of the Dilatation Pyrometer. P. Chevenard. 
(Génie Civil, 1935, vol. 107, Nov. 2, pp. 424427). The author 
describes, with illustrations, the use of the dilatation pyrometer for 
controlling a laboratory furnace in which the McQuaid-Ehn cement- 
ation test is carried out automatically, and for regulating with great 
precision a heat-treatment furnace fitted with an automatic grate 
of the Stein type. 
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Cementation by Beryllium. J. Laissus. (Métaux, 1936, vol. 
11, Mar., pp. 48-59). After discussing the metallographic con- 
stitution of iron and steel case-hardened by means of beryllium, 
the author records the results of his tests to determine the surface 
hardness, the resistance to oxidation at high temperatures, and the 
corrosion resistance in various reagents of ferrous materials after 
cementation by means of 80% ferro-beryllium and by pure beryllium ; 
the specimens included electrolytic iron, steels of various carbon 
contents and cast iron. The surface hardnesses produced were 
very high; on a eutectoid steel a value of 1506 Brinell, and on the 
cast iron a value of 1561 Brinell were obtained. At high temper- 
atures the resistance to oxidation was high. The cemented materials 
were very resistant to corrosion by water, by sea water, by salt 
spray and by the weather, while the corrosion under chemical attack 
by chlorine water, eau de Javel, and particularly nitric acid was 
much reduced. 

Reactions in the Solid State. W. Jander. (Zeitschrift des 
Vereines deutscher Ingenieure, 1936, vol. 80, Apr. 25, pp. 506-510). 
Reactions in the solid state are of importance not only in chemistry, 
but also in many fields of technology, for instance, in the case- 
hardening of steel, hardening of aluminium alloys, roasting reactions, 
and the production of cement and refractories. The author 
presents a general review of these various reactions in the solid state. 

Heat Treatment of Packard ‘120’ Automobile Parts. J. B. 
Nealey. (Industrial Heating, 1936, vol. 3, Mar., pp. 173-174). 
The cyanide heat treatment and gas-carburising operations adopted 
for the camshafts, axle shafts, &c., of the Packard “120” auto- 
mobile are shortly described. 

Metallurgical Aspects of Transmission Gears. R. B. Schenck. 
(Steel, 1936, vol. 98, Feb. 17, pp. 32-36; Mar. 9, pp. 32-34). The 
author touches on the types of failure met with in transmission gears, 
and the metallurgical factors—such as the heat-treatment and car- 
burising practice—involved. He goes on to describe the practice 
adopted at the Buick Motor Co. for the production, heat treatment, 
and case-hardening of gears, and concludes by describing a new 
method of hardening now being developed at the Buick plant. 
In this process the gears are passed through a muffle futnace within 
which a controlled carburising atmosphere is maintained ; the results 
are stated to be superior to those obtained with the cyanide-hardening 
treatment generally used. 

Heat Treatment Improves Sulphur Screw Stock. L. D. Spence 
and N. B. MacLaren. (Machinist (Lond.), 1936, vol. 80, Mar. 14, 
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pp. 154-156). Various heat treatments were given to case-hardening 
free-cutting steel (containing a high sulphur content) in order to 
discover whether it is possible in this way to obtain impact pro- 
perties equal to those yielded by low-sulphur steels. Carburising 
at 1600-1650° F. followed by quenching in brine was found to be a 
suitable treatment. 

The Present State of the Technique of the Nitriding of Steel and 
Cast Iron. F. Giolitti. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20- 26, 1935, 
Metallurgical Section, vol. 1, pp. 363- 374: Revue de Métallurgie, 
Mémoires, 1936, vol. 33, Mar. , pp. 145-156). The author discusses 
the groups of steels suitable ‘for nitriding, the preparation of the 
pieces before treatment, and the nitriding process; he touches on 
the typical properties of nitrided steels and deals briefly with 
nitrided cast iron. 

Air Speed and the Scaling of Iron. (Metal Treatment, 1936, 
vol. 2, Spring issue, pp. 32-33). An abridged English translation 
of an article by W. Baukloh and O. Reif which appeared in Metall- 
wirtschaft 1935, vol. 14, Dec. 27, pp. 1055-1057. (See Journ. I. 
and §.I., 1936, No. 1., p. 66 A.) 

Electric Furnaces for Bright Annealing. (Engineer, 1936, 
vol. 161, Mar. 27, p. 348). The construction and operation of the 
Griinewald electric furnace for the bright annealing of strip and 
wire are described. Special features are the sealed annealing pot 
and the automatic valve; the latter permits air to escape during 
the heating cycle but prevents the entry of air, and hence oxidation, 
during the cooling period. 

Normalising Steel Strip and Sheets. (Iron and Coal Trades 
Review, 1936, vol. 132, Apr. 3, p. 630). A new type of continuous 
electric furnace for normalising sheet and strip material, through 
which the material is drawn in a continuous strip or in straight 
lengths, has been developed by Messrs. Birmingham Electric 
Furnaces, Ltd. The furnace proper is continuous with a water- 
cooled cooling chamber. A reducing atmosphere is maintained with- 
in the furnace, which is made gas- tight as far as possible. The con- 
veying sy stem consists of cloak -spaced rollers of nickel-chromium 
alloy. 
Continuous Hardening and Tempering of Small Parts. (Gas 
World, 1936, vol. 104, Mar. 21, Industrial Gas Supplement, p. 16). 
A small gas-fired heat-treating plant for the hardening of “ circlips ” 
(the spring clips used for securing gudgeon pins) is described. It 
comprises a hardening furnace of the continuous-belt type, dis- 
charging into an oil-quenching bath, from which the articles are 
transferred by a conveyor belt to a rotary tempering furnace 
consisting of a gas-heated drum with an internal spiral guide. 

Axle Shafts are Given Unusual Heat Treatment. A. H. Allen. 
(Steel, 1936, vol. 98, Apr. 6, pp. 32-35). An account of the heat 
treatment adopted by the White Motor Co. for the rear axles of 
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automobiles is given. The steel used has the following analysis : 
Carbon 0:40-0:50, chromium 0-55-0-85, nickel 1-60-2-10, and 
molybdenum 0-15-0-25%,. After forging and machining, the shafts 
are heated to 1500° F. in an oil-fired furnace for 15-20 min.; the 
temperature is then reduced to 1270° F. and the parts are oil- 
quenched. They are removed and heated in a salt bath to 900- 
1000° for 2 hr. and quenched in hot water. The flange is retempered 
in a lead bath at 1400° F. in order to reduce the hardness and 
permit easier machining. 

Heat-Treated Rails for Special Trackwork. E. W. Goodaire. 
(Metal Progress, 1936, vol. 29, Mar., pp. 59-64, 92). Hitherto 
the material adopted for switches, crossings, and other parts 
exposed to severe service has usually been manganese steel. The 
Cleveland Frog and Crossing Co. now employ a high-carbon steel 
for this purpose. The parts are given a heat treatment which 
consists of heating to 1450° F., soaking for 90 min., and oil-quenching 
followed by tempering at 850° F. A finely sorbitic structure of 
high and uniform hardness is thus produced. 

Quenched Steel—Why is it so Hard? F. B. Foley. (Metal 
Progress, 1936, vol. 29, Mar., pp. 52-56). A general account of 
the factors involved in the hardening of steel is given. 
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WELDING AND CUTTING 





Conventional Symbols for Autogenous Welding. (Revue de la 
Soudure Autogene, 1936, vol. 28, Mar., pp. 7-9). Suggested symbols 
for indicating on the working drawings the necessary instructions 
regarding the welds to be made, are illustrated and discussed. 

Autogenous Welding and Oxy-Cutting in the United States. 
L. de Jessey. (Revue de la Soudure Autogéne, 1936, vol. 28, 
Apr., pp. 4-9). (See Journ. I. and 8.I., 1936, No. I., p. 137 a.) 

Atomic Hydrogen Welding. A. L. Guest. (Metal Treatment, 
1936, vol. 2, Spring issue, pp. 17-22). The principle, equipment, 
te chnique, and applications of the atomic hydrogen welding process 
are described. 

Physical-Chemical Phenomena of the Transfer of Metal during 
Welding. G. M. Tichodeev. (Journal of the American Welding 
Society, 1936, vol. 15, Mar., pp. 26-31). The conditions governing 
the mode of transfer and changes in the chemical composition of 
the metal drops which form during flame-welding, were investigated. 
Steel electrodes with carbon contents between 0-07 and 048%, 
of carbon were used. The wire was automatically fed into the 
flame, and the drops of metal were allowed to fall into water. It 
was found that the flames used could be arranged in the following 
order, according to their oxidising nature: (a) Oxy-acetylene 
neutral flame, (b) atomic hydrogen flame, (c) oxy-acetylene oxidising 
flame, (d) carbon arc flame in hydrogen atmosphere. In the case 
of (a) and (b) the loss of carbon and of other elements was at a 
minimum; the maximum loss occurred in the carbon are. In the 
carbon arc the conditions of fusion are comparable with those in the 
electric-arc-welding process when bare wires are used; it follows 
that covered electrodes are preferable in electric arc welding. The 
weight of the drops of metal which formed appeared to depend on 
the surface tension of the metal undergoing transfer, and hence on 
the flame conditions. 

Welding Chromium Steels in Chemical Plant Equipment. J. K. 
Dawson. (United States National Safety Council: Chemical 
Age, 1936, vol. 34, Mar. 7, Metallurgical Section, pp. 15-17). The 
author classifies the chromium steels according to composition, 
and then proceeds to discuss suitable welding technique. Notes 
on the welding rods, flame conditions (in oxy-acetylene welding) 
and polarity (in the electric arc process) and the general weldability 
of the different chromium steels are furnished. 

Welding, Brazing and Gas-Cutting of Grey Cast Iron. C. Stieler. 
(Giesserei, 1936, vol. 23, Mar. 13, pp. 129-135). By means of 
numerous examples the author describes the welding of grey cast 
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iron and the metallographic and other features produced in the 
weld metal and parent metal; the limitations of the process are 
indicated. He also touches on the possibility of brazing cast iron, 
and concludes with a brief reference to the gas-cutting of cast 
iron. 

Autogenous Welding of Annealing Boxes and of Muffles for 
Metallurgical Furnaces. (Soudeur-Coupeur, 1936, vol. 15, Mar., 
pp. 9-17). An illustrated description is given of the construction 
of annealing boxes and muffles for metallurgical furnaces by oxy- 
acetylene welding, followed by an account of Coulonval’s special 
welding method for assembling galvanising tanks made of thick 
plate (30 mm.). The corners are welded on the outside, and three 
large water-cooled oxy-acetylene blow-pipes, spaced over a length 
of about 100-150 mm., are used; the first blow-pipe preheats the 
work; under the second the base of the “ chamfer” formed by 
the two edges of the plates is melted and about half the necessary 
amount of filler rod is added, whilst under the third blow-pipe the 
rest of the chamfer is melted and the remaining filler material is 
fused into place. 

Controlled Welding. Some of its Applications to Material for 
Heavy Boilermaking. R. Lemaire. (Bulletin de la Société des 
Ingénieurs Soudeurs, 1936, vol. 7, Jan.—Feb., pp. 2054-2068). By 
“controlled welding ” is meant the application of vigorous tests to 
welds after they have been made. The author discusses the radio- 
graphic, mechanical and other tests that, should be applied and the 
indications which they should give, and gives a number of examples 
of boilers, containers, &c., fabricated by ‘ controlled welding.”’ 

Fusion-Welded Pressure Vessels. S. F. Dorey. (Manchester 
Metallurgical Society, 1936: Metallurgia, 1936, vol. 13, Mar., 
pp. 145-149). Details are given of the technique to be employed 
in fusion-welding pressure vessels; notes on the quality of the 
electrodes and parent metal to be used, the welding operation, 
stress-relief, and testing and inspection are presented. 

Maintenance Welding in Railroad Works. I. A. Longo. (Journal 
of the American Welding Society, 1936, vol. 15, Mar., pp. 20-25). 
A detailed account of the part played by welding in locomotive 
repair work is given. The repair of cylinders, frames, fire-boxes, 
wheels, boiler fittings, and other items is dealt with. 

Autogenous Welding in the Works of Railway Companies. 
R. Meslier. (Revue de la Soudure Autogéne, 1936, vol. 28, Mar., 
pp. 2-5). The author gives examples of the use of welding for the 
construction and repair of locomotive boiler parts. , 

The Construction of Automobile Chassis. W.D. Laurie. (Weld- 
ing Industry, 1936, vol. 4, Mar., pp. 44-47). The procedure followed 
in spot-welding motor-car chassis frames at the works of Messrs. 
Vauxhall Motors, Ltd., is outlined. 

Welding in Aviation. C. de Ganahl. (Journal of the American 
Welding Society, 1936, vol. 15, Mar., pp. 8-9). 
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Welding Hard Facings on Drilling Tools. J. Cuthill. (Welding 
Industry, 1936, vol. 4, Mar., pp. 58-61). The author classifies 
the materials used for hard-facing articles such as drilling bits, 
indicates the circumstances in which heat treatment of the composite 
tools may be permitted, and the precautions to be adopted, and 
finally describes typical methods of applying hard-facing materials 
in oil-field practice. 

The Oxy-Acetylene Process. Its Use in the Iron and Steel 
Industry. E. J. W. Egger. (Iron and Steel Engineer, 1936, 
vol. 13, Mar., pp. 27-29). Some of the uses to which flame-cutting 
is being put in the steel industry are quoted; they include the 
cutting of wing ingots, the manufacture of rotors, and the fabrication 
of ladles. 

Strength of Welded Joints in Structural Steel. G. Roberts. 
(Proceedings of the Cleveland Institution of Engineers, 1936, 
Jan. 6, pp. 51-68). The author discusses the efficiency of various 
types of welded joints. After remarking on the discrepancies 
commonly found between the results of small-scale and large-scale 
tests, he gives an account of some large-scale tests on fillet- and 
butt-welded specimens carried out on a 1250-ton testing machine. 
The main points which emerged were the importance of the edge 
effect, the superiority of butt over fillet welds, and the influence of 
the profile of the joint on the efficiency of butt welds. 

Stainless Steels and Weld Decay. H. Bull. (Royal Aeronautical 
Society, 1936: Sheet Metal Industries, 1936, vol. 10, Mar., pp. 
251-253). Notes on the phenomenon of weld decay in stainless 
steels and the means adopted for its prevention are presented. 

Reliability of Aircraft Welds. N. F. Ward. (Transactions of 
the American Society of Mechanical Engineers, 1935, vol. 57, pp. 
389-394). The author outlines the effects of fusion welding upon 
the dependability of aircraft structures, due consideration being 
given to the existing conditions of welding practice in this field. 
For the purpose of analysis, specimens were subjected to physical 
tests and microscopic examination. 

Technique of the Radiometallography of Welds. R. Schmidt. 
(Bulletin de la Société des Ingénieurs Soudeurs, 1936, vol. 7, Jan.— 
Feb., pp. 2069-2082). The author discusses the emission of X-rays 
and y-rays, their characteristics and properties, the features of 
radiographic apparatus, and the interpretation of the radiographs 
of welds. 
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The Machining of Stainless Steels. (Machinery (Lond.), 1935, 
vol. 47, Nov. 14, pp. 194-196). A brief reference to the general 
machining properties of the two classes of stainless steel (austenitic 
and martensitic) is followed by notes on the various machining 
operations; these include drilling, tapping, milling, hobbing, 
turning, shaping, planing, filing, shearing, pressing and riveting. 

Kinematographic Photographs of the Turning Cut at Normal and 
Very High Cutting Speeds. F. Schwerd. (Zeitschrift des Vereines 
deutscher Ingenieure, 1936, vol. 80, Feb. 29, pp. 233-236). The 
author describes a kine smatographic camera and appliances by means 
of which photographs, at time intervals of very small fractions of 
a second, can be taken of the turning in actual process of being 
cut by the machine tool. Some photographs obtained with the 
apparatus are reproduced. 

Some Factors Affecting the Machinability of Steels and other 
Alloys. (Metal Progress, 1936, vol. 29, Jan., pp. 31-34). Brief 
notes on the factors affecting the machinability of ferrous and non- 
ferrous metals are furnished. 

Finishing of Manganese Steel Parts by Grinding. F. R. Jacobs. 
(Iron Age, 1936, vol. 137, Mar. 12, pp. 46-50). The grinding 
methods adopted at the plant of the Marion Steam Shovel Co., 
Marion, Ohio, for the finishing of excavating machinery parts are 
described. 
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CLEANING AND PICKLING OF METALS 





The Acid Cleaning of Sheet Steels. RK. Saxton. (Sheet Metal 
Industries, 1936, vol. 10, Mar., pp. 211-212). The use of acid 
baths in the cleaning of carbon steel and stainless steel sheets is 
discussed. 

Hydrogen Permeability of Steel during Electrolytic Pickling. 
W. Baukloh and G. Zimmermann. (Archiv fiir das Eisenhiitten- 
wesen, 1936, vol. 9, Mar., pp. 459-465). The permeability to 
hydrogen of steel sheets during electrolytic pickling, using sulphuric 
acid as the electrolyte, was investigated for various conditions 
of the surface, current strength, and acid concentration. From 
the marked catalytic action of hydride-forming elements of the 
fifth and sixth groups of the Periodic System on the hydrogen 
permeability when using sulphuric, hydrochloric, and acetic acids 
and caustic alkali as electrolyte, it was concluded that the phenomena 
of pickling brittleness, pickling blisters, and other pickling defects 
must be attributed to the presence of these substances in the pickling 
bath. Mercury, zinc, and cadmium also favour hydrogen per- 
meability of iron. In comparative tests with nickel, copper, zinc, 
aluminium, and magnesium sheets, no hydrogen permeability 
could be observed, even when hydride-forming elements were added. 
The hydrogen diffusion during cathodic pickling was compared with 
the conditions during acid pickling. By pickling scaled steel 
sheets cathodically, the dependence of the rate of pickling on the 
current density and bath temperature was determined. The 
mechanism of the transfer of hydrogen in iron is discussed on the 
basis of the experimental results. 

The Testing of Pickling Baths in the Enamelling Works. 0. 
Wahle. (Angewandte Chemie, 1936, vol. 49, Mar. 28, pp. 220- 
222). The author first gives tabulated figures to show the decrease 
in the free-acid content as the amount of iron dissolved increases, 
and points out that an upper limit to the iron content must not 
be exceeded, or trouble will be experienced with the pickled material. 
He then goes on to give an account of the method of determining 
the amount of iron dissolved by measuring the specific gravity of the 
pickling bath with a hydrometer. A table of values correlating the 
iron content with the density for three acid strengths is given; 
when plotted, the values give straight-line parallel curves, so that 
curves for other acid strengths can be drawn in without difficulty. 
He also describes a simple arrangement of a gas burette for testing 
the protection afforded against solution of the metallic iron by any 
inhibitor that may be added to the pickling solution. 
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The Use of Inhibitors (with Special Reference to Antimony) in 
the Selective Removal of Metallic Coatings and Rust. S. G. Clarke. 
(Electrochemical Society, Apr. 1936, Preprint 69-18). Organic 
inhibitors such as quinoline restrain the action of hydrochloric 
acid on a wide variety of metals, whilst antimony chloride has a 
selective action, powerfully restraining the action of the strong 
acid on iron, nickel, and cobalt, but markedly accelerating the dis- 
solution of zinc, cadmium, tin, and chromium. This behaviour 
may be made the basis of methods of removing quantitatively metals 
of the last-mentioned group when present as coatings on metals 
of the first group. The restraining effect of antimony in hydro- 
chloric acid solution extends to low- and high-carbon steel, chromium 
steel, wrought iron, and grey cast iron; the efficiency was rather 
low with wrought iron, and distinctly less with cast iron. The 
inhibiting action in the case of iron (and probably other metals) 
is associated with the formation of a film of antimony, which, 
whilst cathodic to the metal, produces a surface of relatively high 
hydrogen overvoltage which renders difficult the evolution of 
hydrogen. Hydrochloric acid may be used for the quantitative 
removal of rust if antimony chloride is employed as inhibitor. 
Stannous chloride should be present to reduce the ferric chloride, 
which has a corrosive effect. 
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The Hardness of Electrodeposits of Nickel. J. Cahour. (Aca- 
démie des Sciences, Feb. 17, 1936: Génie Civil, 1936, vol. 108, 
Mar. 7, pp. 235-236). The author presents the results of a study 
of the influence of various factors in the plating bath (basis metal, 
current density, bath temperature, presence of gelatine in the 
electrolyte) on the hardness of electrolytic deposits of nickel. 

Modern Organisation of a Nickelplating and Chromiumplating 
Works. J. Loiseau. (Métaux, 1936, vol. 11, Feb., pp. 24-30). 
A general discussion of the layout of a nickel- and chromium-plating 
works. 

The Electrodeposition of Manganese from Aqueous Solutions. 
I.—Chloride Electrolytes. H.H. Oaks and W. E. Bradt. (Electro- 
chemical Society, Apr. 1936, Preprint 69-10). The results of a 
systematic study of the conditions affecting the electrodeposition 
of manganese from aqueous solutions are presented. 

Stainless Coatings by an Improved Chromising Process. (Iron 
Age, 1936, vol. 137, Mar. 12, p. 35). A cementation method of 
producing a stainless case on articles of mild steel, &c., has been 
developed by Cooper Products, Inc., Cleveland. The articles are 
packed in chromium powder and other compounds, and heated for 
several hours at temperatures above 1850° F. The process pro- 
duces a case of ferro-chromium containing 25-30% of chromium. 
Hitherto it has been necessary to employ a hydrogen atmosphere 
for chromising, but the improved method enables the operation to 
be carried out in ordinary furnaces. 

Nickel-Clad Steel Plate. (Metallurgia, 1936, vol. 13, Mar., pp. 

139-140, 158). The characteristics and industrial applications of 

' nickel-clad steel plate are shortly described, with notes on the 
manipulation of this material. 

Homogeneous Lead Coating. A. Bilart. (Métaux, 1936, vol. 
11, Feb., pp. 31-37). In the process described (called plombage 
homogeéne in French) a layer of lead of the required thickness is 
deposited by means of the blow-pipe. The lead can be deposited 
direct on steel parts, but a better method consists in coating the 
part first with a 50/50 or 40/60 lead-tin alloy, as this gives better 
adherence. The author describes the process and the results ob- 
tained, and gives numerous examples of parts of plants protected 
in this way against the attack of corrosive reagents. 

The Metallisation of Machine Elements. W. E. Glidden. (Iron 
Age, 1936, vol. 137, Apr. 9, pp. 49-51, 132). After dealing with the 
process of metallisation the author explains the procedure employed 
in applying metallised coatings to machine parts. 
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The Metallisation of Machine Elements. W. E. Glidden. (Iron 
Age, 1936, vol. 137, Apr. 16, pp. 31-33, 53). An account is given 
of some tests carried out on the adhesion of metallised coatings, 
the effects of heat treatment, resistance to corrosion, and the limita- 
tions of the process when applied to the internal coating of small- 
diameter tubes. The order of corrosion resistance of the coatings 
tested (when exposed to salt spray) was as follows: (1) Zinc, (2) 
cadmium, (3) aluminium, (4) lead, (5) tin, (6) stainless steel, (7) 
copper. 

Spraying Apparatus for Vitreous Enamelling. J.D. Whiteman. 
(Institute of Vitreous Enamellers: Sheet Metal Industries, 1936, 
vol. 10, Mar., pp. 243-246). The main component parts of a 
spraying installation—namely, the spray gun, material containers, 
air and fluid hose, air transformers and pipe-line, air compressor 
and air receiver, spray booths and exhaust fans—are described. 

Processing of Enamelled Wire. (Industrial Heating, 1936, 
vol. 3, Mar., pp. 185-187). An account is given of the drawing, 
annealing, tinning, and enamelling practice adopted by the Belden 
Manufacturing Co., Chicago, Illinois. 

A Method and Apparatus for Studying the Physical Properties of 
Vitreous Enamels on Steel. J. E. Rosenberg and A. Langerman. 
(Journal of the American Ceramic Society, 1936, vol. 19, Mar., 
pp. 86-90). A method of studying the physical properties of fused 
enamel coatings has been devised, in which a split ring is sprayed 
with the enamel under test, the ring being then placed on a firing 
tool and fired; when cool the ring is removed and the change in the 
width of the gap is measured. The authors discuss the way in 
which this procedure may be applied to the examination of the 
stresses in, and elastic behaviour of, vitreous enamelled steel. 
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PROPERTIES AND TESTS 





The Micro Testing Machine Chevenard. (Journal of the American 
Welding Society, 1936, vol. 15, Mar., pp. 11-13). The micro- 
testing machine devised by Chevenard is illustrated and described. 
It has been designed to perform tensile, shear, and bend tests on 
small specimens 1-1-5 mm. in dia. and 7 mm. in length. The stress 
and strain are recorded photographically by an optical system; the 
load is applied by means of a leaf spring. The machine permits 
welds to be explored, and enables local areas to be examined. 

On the Elastic Constants of Single Crystals of Iron. R. Kimura 
and K. Ohno. (Kinzoku No Kenkyu, 1936, vol. 13, Mar. 20, pp. 
99-102). From Young’s modulus of elasticity and the modulus 
of torsion in various directions the Voigt moduli were found for 
monocrystalline iron at room temperature. 

A Survey of the Physical Foundations of the Plasticity of Metals. 
H. Schlechtweg. (Technische Mitteilungen Krupp, 1936, vol. 4, 
Mar., pp. 29-38). The author presents a review of the facts known 
and the theories postulated in regard to the plastic behaviour of 
metals. Numerous references to the literature are given. 

Tensile Strength and Brinell Hardness of Cast Iron. A. Leon. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Mar. 
7, pp. 281-282). It is pointed out that a number of formule, 
based on practical experience, have been put forward at various 
times to enable the value of any desired property of a cast iron to be 
calculated from the known value of some other characteristic of the 
material. The validity of all these relations, however, is very 
questionable, because for such a brittle material as cast iron know- 
ledge of at least two properties is essential for such a calculation. 

Similarity between the Stress-Strain Diagrams obtained from 
Impact Tensile and Torsional Tests. M. Itihara. (Technology 
Reports of the Téhoku Imperial University, 1936, vol. 12, No. 1, pp. 
105-118). A study was made of the similarity between the stress/ 
strain diagrams obtained from impact tensile and torsional tests. 
Similarity was observed to exist to within an accuracy of 5 or 7%. 

Notched-Bar Bend Tests of Longitudinal and Transverse Specimens 
—Influence of Annealing and Overstrain. J. Muir. (Journal of 
the Royal Technical College, Glasgow, 1936, vol. 3, Part 4, Jan., 
pp. 531-541). Ina previous paper on the overstraining of mild steel 
the tensile strengths of 0-03% carbon steel bars in the normalised 
and in the overstrained conditions were set forth. The present 
paper gives the results of notched-bar bend tests on tensometer 
specimens cut from the same steel. The effect of annealing at 920° 
and 1000° C. is also shown. The fibrous nature of the material 














364A PROPERTIES AND TESTS. 


in both the annealed and normalised conditions is revealed by the 
fractures of the transverse notched-bar specimens. Longitudinal 
specimens snapped at the V notches; in the transverse test pieces 
the fibres were torn apart. 

Vacuum-Tube Rectifiers for Material Testing Machines. (Machi- 
nery (Lond.), 1936, vol. 47, Mar. 26, pp. 793-794). An application 
of the thermionic valve to a dynamic transverse bending machine 
is outlined. The test bar is suspended between the poles of two 
electromagnets which are excited so that the bar vibrates in 
resonance. The current to the coils of the electromagnets is con- 
trolled by a thermionic valve having a common cathode, two grids, 
and two anodes; contacts on the bar are connected to the grids, 
and these control the current to the anodes. 

Impact Torsion Tests (5th Report). M. Itihara. (Technology 
Reports of the Téhoku Imperial University, 1936, vol. 12, No. 1, pp. 
63-104). The impact and static torsion diagrams for iron and low- 
carbon steels were given in the 4th report; the present contribution 
deals with normalised carbon steels containing 0-6, 0-8, 1-0, and 1-3°/ 
of carbon at low and high temperatures. On the basis of the results 
obtained the mechanism of failure—including cold- and _ blue- 
shortness—is explained, in the light of Sunatani’s law of failure. 

Value of the Simplified Impact Test for Measuring the Brittleness 
of Round Bars of Ordinary Steel. P. Dejean and S. Gerszonowicz. 
(Génie Civil, 1936, vol. 108, Mar. 14, pp. 250-253). The Chambre 
Syndicale des Constructeurs en Ciment Armé de France have intro- 
duced an impact test for reinforcement rods which differs very 
widely from the usual notched-bar test. In the round test bar, of 
length equal to ten times the diameter, a hole, the diameter of which 
is one-sixth of that of the bar, is drilled. A saw-cut is then made 
through one side of the bar down to the hole. The bar is then 
broken by a single blow, and the two pieces are “fitted together ” 
again; the angle of deviation between them should be greater than 
20°. This test, however, may lead to contradictory results, and the 
authors have carried out tests to investigate the influence on the 
“angle of fracture ’’ of (a) the use of repeated blows to cause fracture, 
(b) the temperature of testing, and (c) the diameter of the test-piece. 
The results are set out in tables and curves. The use of repeated 
blows to fracture reduces somewhat the impact resistance, parti- 
cularly at small diameters. The temperature is practically without 
effect. The impact resistance appears to improve as the diameter 
of the specimen is reduced. The authors then discuss the relation 
between the work of rupture and the angle of fracture, and possible 
changes that might be introduced to bring the results of the test into 
line with the actual properties of the specimens. 

Failure of Parts in Service. E.W. Nelson. (Heat Treating and 
Forging, 1936, vol. 22, Feb., pp. 63-65). The author discusses the 
stresses to which parts in service are subjected, and the types of 
failure which occur. 
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Note on Certain Defects Observed in Service on Locomotive 
Crankshafts. A. Portevin. (French Association for Testing 
Materials, June 21, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Mar., pp. 209-214). After mentioning the fissuration of the 
fillets ‘at the junction of the web to the crank and the web to the 
journal in crankshafts, due to fatigue, the author discusses the cracks 
that may be found on the bearing surfaces of the crank and the 
journal. While these may be due to heating during service, they 
may also originate in flakes already in the steel, as demonstrated in 
the case of a nickel-chromium steel crankshaft quoted by the author. 

Fractures without Deformation of Boiler Parts. W. Ruttmann. 
(Technische Mitteilungen Krupp, 1936, vol. 4, Mar., pp. 23-29). 
(See Journ. I. and §.1., 1936, No. I., p. 86 a). 

Fatigue and Fatigue-Testing Machines. (Wire Industry, 1936, 
vol. 3, Mar., pp. 115-117). Brief observations on the problem of 
fatigue are followed by a description of two fatigue-testing machines, 
one a high-speed rotating cantilever machine, and the other an axial 
stress instrument. 

Fatigue Tests on Metals. R. Cazaud. (Seventh International 
Congress on Mining, Metallurgy and Applied Geology, Paris, Oct. 
20-26, 1935, Metallurgical Section, vol. 1, pp. 385-398 : Revue de 
Métallurgie, Mémoires, 1936, vol. 33, Mar., pp. 164-177). The 
author discusses the following subjects: Classification of the types 
of stress applied in fatigue tests and the corresponding machines ; 
the fatigue limit and its variation according to whether the applied 
stresses are reversed, repeated or fluctuating; fatigue testing by 
rotary bending, and some results; relation between the fatigue 
limit and the other mechanical properties ; alternating torsion fatigue 
tests; and the influence of various factors on the fatigue test, in- 
cluding the shape and surface condition of the test-piece and 
corrosion. 

Endurance and Design of Cast Crankshafts. (Metal Treatment, 
1936, vol. 2, Spring issue, pp. 42-44). This is an abridged English 
translation of an article by A. Thum and K. Bandow which appeared 
in Zeitschrift des Vereines deutcher Ingenieure, 1936, vol. 80, 
Jan. 4, pp. 23-27. (See Journ. I. and §.I., 1936, No. I., p. 87 A). 

The Determination of the Elastic Limit of Indentation in Con- 
junction with the Estimation of the Hardness. G. Tammann and 
W. Miller. (Zeitschrift fiir Metallkunde, 1936, vol. 28, Mar., 
pp. 49-54). When the hardness of a metal is determined by an 
indentation method (using either a ball or a cone indentor) a ridge 
is produced around the indentation. The figure obtained by dividing 
the load producing the indentation by the area of the base of the 
ridge is called the “ elastic limit of indentation.”” The base of the 
ridge is measured by a grinding method. The authors present test 
results to show the influence of a number of factors on the dimensions 
of the ridge, &c. The materials tested were mostly non-ferrous, 
but some iron specimens were included. 
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Strength Variations of Steel Wire During Ageing following 
Severe Disturbance. H. Goulbourne Jones. (Metallurgia, 1936, 
vol. 13, Mar., pp. 155-157). Specimens of steel wire were strained, 
(1) by quenching from various temperatures, (2) by an alternating 
magnetic field, (3) by longitudinal stress. The change in length 
during the subsequent ageing period was observed. The quenched 
specimens exhibited an initial decrease in length followed by cyclic 
fluctuations and additional sudden changes, over a period of several 
days. A magnetically stressed specimen, after a period of instability, 
gave comparatively large decreases in length during the first two 
days but subsequently became stabilised. Longitudinally stressed 
specimens exhibited an initial decrease, followed by a recovery and 
stabilisation at a constant length. 

Embrittlement of Steel on Prolonged Heating. H. A. Dickie. 
(Engineering, 1936, vol. 141, Mar. 13, pp. 301-302). The author 
has previously suggested that temper-brittleness and the embrittle- 
ment which results from the prolonged heating of nickel-chromium 
steels in the neighbourhood of 450° C. are due to the same cause 
namely, the deposition of carbides in the grain boundaries. Hitherto 
a satisfactory technique for revealing the presence of these carbides 
has not been evolved. However, by employing a chromium-free 
but temper-brittle steel, and subjecting it to suitable embrittling 
heat treatment, the author has been able to demonstrate the exis- 
tence of the carbides by the usual etching methods. A micrograph 
of the structure so obtained is reproduced. 

An Investigation of Abrasion of CastIron. M.Suzuki. (Science 
Reports of the Téhoku Imperial University, 1936, vol. 24, Feb., pp. 
724-744). The relative abrasion of specimens of three different 
grey cast irons, subjected to various rates of cooling, was ascertained. 
The abrasion was found to depend on the chemical composition, 
and was little affected by the hardness or tensile strength. Of the 
different constituents present phosphorus confers the greatest 
resistance to abrasion. The simple equations previously found for 
the abrasion of carbon steel (Science Reports of the Téhoku Im- 
perial University, 1928, vol. 17, pp. 573-638 : See Journ. I. and §.L., 
1928, No II., p. 409) are applicable to grey cast iron. It was also 
found that with cast iron there is a critical pressure above and 
below which the amount of abrasion differs considerably. 

On the Change of Thermal Energy due to Magnetization in 
Ferromagnetic Substances. T. Okamura. (Science Reports of the 
Tohoku Imperial University, 1936, vol. 24, Feb., pp. 745-807). 
The absorption or evolution of heat during magnetisation was 
measured for specimens of iron, nickel, cobalt, carbon steel, K.S. 
magnet steel, nickel-iron alloy, and single crystals of iron. The 
heat change is of two kinds; A magneto-caloric effect (reversible), 
and the irreversible effect due to magnetic hysteresis. During the 
initial magnetisation the irreversible heat curves are similar, as are 
the reversible heat curves (except for cobalt), heat absorption being 
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followed by heat evolution. In the case of cyclic magnetisation 
starting from maximum fields the irreversible effect does not at 
first appear; it becomes evident on approaching zero field, is con- 
spicuous at negative fields, and then approaches a saturation value. 

The Magnetostriction-Volume Effect in Nickel and Magnetite. 
M. Kornetzki. (Zeitschrift fiir Physik, 1935, vol. 97, pp. 662-666). 
The change of volume of nickel and magnetite with increasing 
magnetic field strength was investigated. Contrary to the majority 
of ferromagnetic metals, the volume of magnetite decreased as the 
field strength increased. 

The Magnetisation Curve of a Steel Specimen in Bar Form. 
F. E. Meade. (Journal of the Royal Technical College, Glasgow, 
1936, vol. 3, Part 4, pp. 661-665). Details are given of a method 
of obtaining the magnetisation curve of steel in bar form, in which 
the specimen, carrying B and H coils, is placed at the centre of a 
long solenoid, the experiment being conducted as for ring specimens. 

Electro-Magnetic Testing of Wire Ropes. T.F. Wall. (Midland 
Institute of Mining Engineers, Mar. 5, 1936: Colliery Guardian, 
1936, vol. 152, Mar. 13, pp. 492-493; Mar. 20, pp. 534-536; Mar. 27, 
pp. 581-582). A study was made of the application of electro- 
magnetic methods for the observation of the deterioration of steel 
wires due to overstrain and work-hardening. The following 
ballistic magneto-striction method was found to be suitable. The 
wire is loaded and subjected to a magnetic field induced by the 
flow of D.C. through a solenoid ; a very large increase in the magnetic 
induction (AB) may thus be observed. When AB is plotted against 
the load a straight line is obtained in the case of unstrained wire; 
if, however, the sample is work-hardened the relationship is non- 
linear. Tests on unused wire revealed that work-hardening 
(due to manufacture) was already present. The second (travelling 
surge) method makes use of the fact that if a length of wire is 
clamped at one end and struck a wave of stress travels along the 
wire ; the corresponding change in magnetic permeability is recorded 
by an oscillograph connected to solenoids placed at known intervals 
along the wire. The results of some experiments on a specially 
constructed rope with known flaws are recorded, and an improved 
design of magnet system is described. Finally, a method of dis- 
criminating between the depths of known flaws in wire rope is 
outlined, which depends on their effect on the wave form of the 
e.m.f. in the search coil of the magnet system. 

Thermal Conductivities of Metals and Alloys. J. W. Donaldson. 
(Metallurgia, 1936, vol. 13, Mar., pp. 159-160). Recent work 
carried out by various investigators on the thermal conductivity 
of copper, cast iron, and alloy steels is summarised. 

The Evaluation of Creep Tests. F. Gentner. (Archiv fiir das 
Kisenhiittenwesen, 1936, vol. 9, Mar., pp. 441-450). The author 
presents a consideration of the possible shapes of time-extension 
curves and their dependence on the testing temperature and load. 
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Tests show that, for a given temperature, if the loads exceed a certain 
limiting stress, the time-extension curves are parabolic. The 
logarithmic curve is that analytical function representing the time- 
extension curves at and below this limiting stress. It is demon- 
strated that logarithmic curves never lead to fracture, whereas 
when parabolic curves are produced there is a danger of fracture. 
Hence, the limiting stress, indicated by the change in the regularity 
of the time-extension curves, is equal to the creep strength. The 
regular shape of a time-extension curve can be determined by 
plotting in a single-logarithmic system of co-ordinates; parabolic 
curves are then always concave to the extension axis and retain 
this curvature, whereas logarithmic curves are either straight 
lines at an acute angle to the time axis, or else are curves concave 
to the extension axis to start with which pass asymptotically into 
such straight lines. From the shape of the time-extension curves, 
time-extension limits can be computed accurately, say, the 0-2% 
per year limit of extension (that load which produces a permanent 
extension of 0-2% ina year). The amount of the extension depends 
on the deformability of the structural part. These creep values 
can be used in design calculations in the same way as the ordinary 
strength values at room temperature, the creep strength being 
substituted for the tensile strength and the time-extension limit 
for the limit of elongation. 

The Seizure of Metals at Elevated Temperatures. (Mechanical 
Engineering, 1936, vol. 58, Mar., pp. 165-168). Certain metals in 
rubbing contact seize or bind readily; this problem is especially 
important in the case of valves and bearings operating at elevated 
temperatures. The conditions under which seizure is likely to 
occur are discussed, and suitable methods of testing the susceptibility 
to seizure are described. 

Mechanical Tests at Raised Temperatures. J. Galibourg. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. 1, 
pp. 377-382: Revue de Métallurgie, Mémoires, 1936, vol. 33, 
Mar., pp. 157-163). The author discusses creep testing under the 
following headings : The various methods of carrying out mechanical 
tests at raised temperatures; results obtained by these methods; 
attempts to standardise the methods; comparison of the various 
creep limits; and factors of safety to be applied. 

The Plasticity and Fracture of Steels at High Temperatures. 
A. Portevin. (Chimie et Industrie, 1936, vol. 35, Mar., pp. 525- 
526). The author presents a short discussion of the mechanism 
of the plasticity of metals; he indicates the connection with Max- 
well’s law of the deformation of liquids, and points out the similarity 
with the behaviour of oils and greases during the lubrication of 
rubbing surfaces. The influence of temperature in preventing 
work-hardening, so maintaining the “ viscous”? component, which, 
together with the “elastic” component, makes up the total deforma- 


, 


WrTresr 


PROPERTIES AND TESTS. 41a 


tion, is mentioned, and the effects of the presence of impurities are 
touched upon. 

Summarising Study on Heat-Resistant Cast Irons. T. Boissaux. 
(Revue Technique Luxembourgeoise, 1936, vol. 28; Jan.—Feb., 
pp. 1-14; Mar.—Apr., pp. 33-42). After indicating the principal 
causes of the failure of cast iron on exposure to high temperatures 
(graphitisation, or breakdown of the carbides, particularly iron 
carbide; the coming into play of internal stresses of thermal origin ; 
and external corrosion and internal oxidation), the author describes 
methods of investigating these phenomena. The rest of the paper 
is devoted to a consideration of means of rendering cast iron re- 
sistant to heat, and the properties of a number of cast irons are 
noted. <A bibliography of thirty references is appended. 

Some Observations on the Influence of Carbon on the Structure 
and Properties of Steel. E. Gregory. (Iron and Steel Industry, 
1936, vol. 9, Mar., pp. 199-203; Apr., pp. 239-243). The author 
discusses the iron-carbon diagram and the formation of the micro- 
constituents which appear in iron-carbon alloys. He then con- 
siders the influence upon the equilibrium diagram of the various 
alloying elements which may be present, and concludes with sug- 
gestions concerning the nature of martensite and austenite. 

Phosphorus as an Alloying Element in Low Carbon, Low Alloy 
Steels. C. H. Lorig and D. E. Krause. (Metals and Alloys, 1936, 
vol. 7, Jan., pp. 9-13; Feb., pp. 51-56; Mar., pp. 69-73). The 
authors discuss the metallographical and physical characteristics 
of low-carbon steels containing phosphorus as an alloying element. 
They give an account of their investigations on the constitution 
of these steels, and compare the results with those obtained by other 
workers. Then follows a description of some experiments on the 
static and impact properties of low-carbon phosphorus steels, and 
the effect of carbon, aluminium, and some other elements on these 
properties. Carbon and silicon, if present in large amounts, tended 
to induce brittleness, whilst the other elements—notably chromium 
—had a toughening effect. There appeared to be a critical range 
of composition within which brittleness set in; this range was 
investigated. Tests were also carried out on the resistance to 
corrosion and oxidation, and on the electrical 4nd magnetic prc- 
perties. Phosphorus, alone or in conjunction with copper or nickel, 
was found to impart enhanced resistance to atmospheric corrosion. 

The Role of Copper in Wrought Steel. C. E. Williams and C. H. 
Lorig. (Metals and Alloys, 1936, vol. 7, Mar., pp. 57-63). The 
effects of copper on the physical properties and age-hardening of 
low- and medium-carbon steels (with and without small amounts 
of chromium) are discussed. The influence of copper on the 
corrosion resistance, and rolling qualities is also mentioned. 

Alloy Cast Irons. P. A. Russell. (Institute of British Foundry- 
men: Foundry Trade Journal, 1936, vol. 54, Mar. 19, pp. 227- 
230). First, the alloy cast irons are discussed from the point o. 
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view of the influence of the alloying additions on the size and dis- 
tribution of the graphite flakes and the structure of the matrix. 
Attention is then devoted to irons with specific properties such as 
heat-, corrosion- or wear-resistance. The high-strength inoculated 
irons, Meehanite and Ni-tensyl, are described, data relative to 
the physical properties of Ni-tensyl being furnished. Finally, 
cast irons for special purposes are briefly referred to. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1936, vol. 64, Mar., 
pp. 35, 74, 77). This is the continuation of a series of articles on 
the metallurgical and metallographic characteristics of grey cast 
iron. The present instalment deals with the effects of lead, tin, 
sodium, magnesium, titanium, tungsten, uranium, vanadium, 
zinc, and zirconium on the structure and properties. (See Journ. 
I. and §.I., 1936, No. I., p. 234 a.) 

The Mechanical Properties of Commercial Pearlite. W. 
Broniewski and L. Szrojt. (Annales de l’Académie des Sciences 
Techniques & Varsovie, 1935, vol. 1, pp. 71-81). A study has been 
made of the mechanical properties of a 0-82°% carbon steel, a 
composition representing, in the annealed condition, an almost pure 
pearlite structure; attention was paid to the variation of the 
properties between — 182° and + 1000° C., and to the properties 
at room temperature, and also after quenching from 750° and tem- 
pering for 2 hr. in the range 50-800°. The decrease of the hardness 
and of the tensile strength caused by raising the temperature was 
interrupted between 100° and 300° by passage from a minimum to a 
maximum. The reduction of area curve dropped first, then became 
horizontal between — 80° and 450°, and then rose; the elongation 
curve was of the same shape, but the horizontal portion was convex 
to the temperature axis. On the resilience curve there was a maxi- 
mum at about 350° and another, more marked, at about 850°. The 
optimum conditions for the use of industrial pearlite seem to occur 
at about 300°; the maximum work to rupture in tension is found 
at about — 80°, but then the resilience is rather low. The study of 
the properties at room temperature, after quenching and as a func- 
tion of the tempering temperature, shows that, after tempering 
between 300° and 700°, the tensile strength and hardness drop, 
and the reduction of area and elongation rise continuously. The 
hardness passes through a maximum after ageing at 80°. The 
resilience increases rapidly with the tempering temperature and 
reaches a maximum by treatment at 700°. 

Recent Developments Affecting the Testing Society’s Specifications 
for Steel Castings. R. A. Bull. (Metals and Alloys, 1936, vol. 
7, Jan., pp. 1-4; Feb., pp. 35-38; Mar., pp. 65-68). |After shortly 
explaining the purpose, nature,and nomenclature of the specifications 
set up by the American Society for Testing Materials the author 
goes on to consider certain of these specifications separately in the 
light of recent progress in the metallurgy of steel castings. He then 
discusses the provisions relating to the type of test-piece to be used, 
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and concludes by indicating the problems involved in specifying 
requirements for cast steel to be welded. 

Design of Vessels to withstand High Internal Pressures. D. M. 
Newitt. (Institution of Chemical Engineers, 1936, Preprint). 
The author first shows that for vessels subjected to high internal 
pressures (upwards of 6-5 tons per sq. in.) ordinary carbon steels 
are unsuitable; a high-tensile material such as nickel-chromium- 
molybdenum steel must be used. The properties of a typical 
high-tensile steel are summarised, and the author examines the 
effect of overstressing and subsequent heat treatment on its mecha- 
nical strength. He then gives a detailed analysis of the stresses 
(1) in a simple steel cylinder subjected to internal pressure, and (2) 
in compound cylinders formed by (a) shrinking-on several cylinders, 
(6) winding a simple cylinder with wire under tension, (c) auto- 
frettage, (d) rebanding with spiral beads of weld metal. An examina- 
tion of the temperature factor in design follows. Finally, two 
experimental pressure cylinders are described; one, for pressures 
up to 98-5 tons per sq. in., was constructed by shfinking-on, the other, 
for use under explosion pressures of 65-5 tons per sq. in., being of 
the wire-wound type. 

Modern Developments in Stainless Steels. J. H. G. Monypenny. 
(Metal Treatment, 1936, vol. 2, Spring issue, pp. 24-28, 33). The 
development of the various types of stainless steels available, their 
properties and applications, are considered. The steels are classified, 
on the basis of their constitution, as martensitic, ferritic, and austen- 
itic, and the characteristics of each group are described. Particular 
attention is given to the conditions under which susceptibility to 
intergranular corrosion is developed, and its prevention. 

Chromium and Manganese in Structural and Stainless. A. B. 
Kinzel. (Metal Progress, 1936, vol. 29, Mar., pp. 46-51, 74). The 
chief metallurgical features of low-chromium medium-manganese, 
and chromium-manganese stainless steels are described. Three 
types of steel are first examined, namely, a low-chromium carbon 
steel, medium-manganese steel (with or without chromium), and 
chromium-manganese steel which may or may not contain silicon. 
It is pointed out that the proportions of manganese and chromium 
in the low-alloy structural steels should be ‘ balanced,” so that 
sufficient strength is developed without loss of ductility. It is in 
this direction that silicon is useful. The stainless chromium- 
manganese steels are alloys of the 18/8 type in which the nickel is 
replaced by manganese. They consist of 60°% austenite and 40% 
ferrite, and possess a high resistance to atmospheric corrosion 
together with ease of fabrication. Welding offers fewer difficulties 
than with the ordinary austenitic alloys. 

Structural Alloy and Heat Treated Steels. (Proceedings of 
the American Society of Civil Engineers, 1936, vol. 62, Mar., pp. 
362-396). This paper is a progress report of Sub-Committee No. 2, 
Committee on Steel, of the Structural Division of the American 
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Society of Civil Engineers. The chemical composition, physical 
properties, and economic status of high-strength structural steels 
containing small quantities of silicon, manganese, nickel, chromium, 
vanadium, molybdenum, and copper as alloying elements are dealt 
with. It is pointed out that the adoption of alloy steels—such as 
silico-manganese steel—for structural work is not generally war- 
ranted, but in cases such as long bridge spans and travelling cranes, 
where the dead load is important, it may be used with advantage. 

Standard Specifications for Structural Steel. A. F. Webber. 
(Iron and Steel Industry, 1936, vol. 9, Mar., pp. 210-213). The 
British Standard Specification for structural steel for bridges and 
general building construction (B.S.S. No. 15) has recently been re- 
vised, and a companion specification relating to high-tensile struc- 
tural steel (B.S.8. No. 548) has been prepared. The author dis- 
cusses their provisions. The chief alterations to B.S.S. No. 15 relate 
to the abolition of the distinction between steel made by the Bessemer 
and open-hearth processes, and less stringent bend test requirements 
and rolling tolerances. B.S.S. No. 548 limits the carbon content 
to 0:30%, permits the optional use of copper up to 0-6%, but leaves 
the alloying elements to the choice of the steelmaker. Specifications 
for bars used for concrete reinforcement are also in the course of 
preparation. 
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Sampling and Inspecting Steel. J. H. Hruska. (Heat Treating 
and Forging, 1936, vol. 22, Feb., pp. 71-73). Methods of examining 
ingots for heterogeneity and physical defects are described. These 
include visual inspection, chemical analyses on split ingots, macro- 
examination, sulphur printing, fracture tests, and shear tests. 

The Applications of Micro-Chemistry to Metallurgical Studies. 
C. Benedicks and R. Treje. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, 
Metallurgical Section, vol. 1, pp. 429-434: Revue de Métallurgie, 
Mémoires, 1936, vol. 33, Mar., pp. 203-208). The authors review 
briefly methods for identifying slag inclusions in the polished surface 
of steel by several “ printing ’’ methods, for separating the inclusions 
from the metal for subsequent analysis, and for studying the variable 
distribution of an element in the metal. 

The Electron Microscope. W. Henneberg. (Elektrotechnische 
Zeitschrift, 1935, vol. 56, pp. 853-856). The author describes the 
present state of development of the electron microscope and reviews 
some of the practical results obtained with it. It is possible to 
reveal the structure of metal surfaces which emit electrons at higher 
temperatures; thus, the recrystallisation involved in the «-y 
transformation of iron can be made visible. 

The Beilby Layer. G. I. Finch and A. G. Quarrell. (Nature, 
1936, vol. 137, Mar. 28, pp. 516-519). Since Beilby introduced 
the theory of the production of an amorphous film on the polished 
surfaces or slip planes of metals much evidence has been advanced 
in support of and in opposition to Beilby’s views. The present 
authors review this evidence and show that the amorphous film 
theory may now be considered to be properly established. In this 
connection they cite recent experiments on the nature of the polished 
surface, which reveal that the polished layer readily dissolves metal 
crystals, thus exhibiting a property typical of the metal in the liquid 
state. 

X-Ray Investigation of Tempered Martensite in Carbon Steels. 
Z. Nishiyama. (Kinzoku No Kenkyu, 1936, vol. 13, Mar. 20, pp. 
83-91). In order to reveal the nature of tempered martensite the 
lattice constant and line-breadth of the X-ray diffraction pattern 
were measured for the five lines (110), (200), (211), (220), and (310). 
The results were in favour of the solid solution theory. 

Some Phenomena of Recrystallisation. A. E. van Arkel. 
(Seventh International Congress on Mining, Metallurgy, and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. 1, 
pp. 423-428: Revue de Métallurgie, Mémoires, 1936, vol. 33, Mar., 
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pp. 197-202). The author discusses various phenomena observed 
in the recrystallisation of various metals. 

Grain-Size and Grain-Form in Cast Metals. R. Mitsche. (Berg- 
und Hiittenmannisches Jahrbuch, 1936, vol. 84, No. 1, pp. 4-13). 
The author first presents a general discussion on the grain-size and 
grain-form in cast metals, and compares the conditions when a 
body is produced from a molten mass with those when the body is 
formed by the compression of a heated powder; the question of the 
existence of crystal residues in molten metals is also considered. 
He then describes experiments made with pure aluminium and 
electrolytic copper under widely differing conditions of superheating 
and rate of cooling, and gives explanations for the crystal structures 
found and for the occurrence of columnar crystals. Finally the 
influence of superheating on the structure is dealt with. 

Iron-Carbon-Manganese Alloys. (Metallurgist, 1936, Feb., pp. 
102-104). This is an English summary of a paper by R. Vogel and 
W. Doring which appeared in Archiv fiir das Eisenhtittenwesen, 
1935, vol. 9, Nov., pp. 247-252. (See Journ. I. and S.I., 1936, 
No. I., p. 110 a.) 

Beryllium and Beryllium Alloys. M.G. Corson and J. D. Zeiser. 
(Iron Age, 1936, vol. 137, Mar. 5, pp. 28-32, 74). The known pro- 
perties of the metal beryllium, and of its alloys with nickel, 
chromium, iron, and copper are described. 
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The Work of the Corrosion Committee. W.H. Hatfield. (Iron 
and Steel Institute, 1936, Special Report No. 11). This report is 
a review of the activities of the Corrosion Committee formed by the 
Iron and Steel Institute and the British Iron and Steel Federation, 
reporting to the Iron and Steel Industrial Research Council. It 
covers the various investigations carried out since the formation 
of the Committee in 1928 to the end of 1935. These included field 
tests conducted at stations subjected to inland, marine, arctic, 
temperate, sub-tropical, and tropical conditions; marine observa- 
tions under practical conditions (including the examination of 
ships’ hulls, tests on ships, and miscellaneous studies); comple- 
mentary investigations by members of the Committee and other 
workers—these embrace spray tests, small-scale field tests, studies 
on the effect of rolling scale, inclusions, and other factors influencing 
corrosion ; and various examples of corrosion and longevity reported 
to, or investigated by, the Committee. Finally, an outline of work 
suggested, but not yet proceeded with, is presented. Appendices 
covering the personnel of the Committee, statistical data on the 
work of the Committee, the dates of exposure of the specimens, 
and the climates of the corrosion stations, supplement the main 
body of the Report. 

Corrosion of Iron and Steel. Sir Robert A. Hadfield, Bt., and 
S. A. Main. (Institution of Civil Engineers, 1935-1936, Paper No. 
4989). This paper deals mainly with the work of the Institution’s 
Committee on the Deterioration of Structures Exposed to Sea- 
Action, since its inception in 1916. After summarising the nature, 
scope, and results of recent work on corrosion, the authors consider 
the tests carried out by the Committee. The materials employed 
included three irons, mild and medium-carbon steels, special steels 
containing copper, nickel, or chromium, and cast irons. Specimens 
of polished chromium steel and of stainless iron (soft chromium 
steel) were added later; these specimens are described. The authors 
present a statistical analysis of the five-year results obtained by 
the Committee. The various materials were exposed at four 
marine stations (Auckland, Plymouth, Colombo, Halifax) and under 
three conditions (aerial, half-tide (7.e., intermittent immersion) 
and total immersion). The effect of climate and conditions of 
exposure on the general wastage and degree of local pitting is 
examined, the general concordance in the behaviour of similar 
materials under different conditions, and the indiscriminate nature 
of sea-water attack being remarked on. The results of further 
tests on the behaviour of chromium steel in river-water and sea- 
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water, and the Committee’s steels under urban conditions, and of 
various materials under severe marine service in the Gulf of Paria, 
are also described. The paper is supplemented by several appendices 
giving details of the materials used, tests undertaken, and results 
obtained. 

Fundamental Theories of Metal Corrosion. I. litaka. (Bulletin 
of the Institute of Physical and Chemical Research, 1936, vol. 15, 
No. 3, pp. 131-146). [In Japanese. | 

Determination of the Acid Solubility of Steels. LR. Walzel and 
F. Neuwirth. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, 
Mar., pp. 451-457). The Technical Committee for Corrosion 
Problems of the Eisenhiitte Oesterreich has carried out a co-operative 
research to determine whether, and under what conditions, it is 
possible, with the experimental accuracy normal to everyday practice 
in a works laboratory, to obtain a sufficient degree of reproducibility 
of the results of tests on the acid solubility of steels, when the 
place at which the test is made is changed. In test series with 
cold or luke-warm acids the attempt was made to determine the 
effects of the specimen shape, condition of the dissolving medium, 
the duration of the test, the presence of reducing agents, the degree 
of saturation with gas, &c., but so far the search for conditions 
such that adequate reproducibility of results shall be obtained in 
tests of these types has been without success. On the other hand, 
with boiling acids, with certain reservations, the desired repro- 
ducibility can be obtained; this was confirmed by tests on an 
extensive series of various kinds of steels. Despite the basic 
defect attached to any method dependent on special conditions, 
the boiling acid test must be provisionally regarded as the only 
method usable in practice for determining the acid solubility of 
steels; nevertheless its applicability is not quite universal. Finally 
it is shown that there is not necessarily any parallelism between 
the behaviour of steels during natural rusting and their solubility 
in the boiling acid test. 

Deformation, Heat Treatment, Solubility. (Korrosion und 
Metallschutz, 1936, vol. 12, Jan.—Feb., pp. 2-28). This paper 
constitutes the First Report of the German Working Committee 
for Non-Ferrous Metals (Arbeitausschus Nichteisenmetalle) ; it 
deals with the influence of the structure (composition, constitution) 
and the prior treatment (hot- or cold-working, annealing) on the 
solubility of the material. The researches recorded are concerned 
primarily with non-ferrous alloys, namely, brass and copper- 
nickel, but in Part 3 tests on the effects of mechanical and heat 
treatment on the solubility in 0-1N hydrochloric agid of a mild 
steel, two open-hearth steels and a cast steel are dealt with, and the 
results are compared with those obtained with non-ferrous alloys. 

Anionic Iron. R. Scholder. (Angewandte Chemie, 1936, vol. 
49, Apr. 18, pp. 255-259). The author first surveys the chemical 
and electrochemical behaviour of iron in regard to water and 


, 








. 
ws 


we SES | |! 


atl 


~~ SS S&S 6 


bal 


~~  _— = 


Bee, Mn col 


— SO er Ol 


- we “v 


ww 








CORROSION OF IRON AND STEEL. 49 A 


alkaline solutions, and then describes tests made on the corrosion 
of iron in strong caustic alkali solutions. The solution of iron in 
strong boiling alkali is due to the less noble potential of iron and the 
formation of ferrous-hydroxy-anions. From the ferroate solutions 
(containing salts of the “‘ acid ’’ H,FeO,) definite hydroxy-ferroates 
could be isolated. By the oxidation under various conditions of 
ferroate solutions well-crystallised colourless hydroxyferrites and 
two isomeric (in regard to colour and chemical behaviour) meta- 
ferrites corresponding to the formula NaFeO, were obtained. In 
solutions of stronger alkalis the trivalent iron existed as hydroxy- 
anions. The green or red coloration of ferruginous caustic solutions 
caused by the addition of Na,S is due to the formation of thio- 
hydroxy-ferroate or -ferrite. ‘The perferrates described by Gorale- 
witsch could not be prepared according to his directions. 

The Electrolytic Protection from Corrosion of Cast Iron of Various 
Compositions. M. deKay Thompson. (Electrochemical Society, 
Apr. 1936, Preprint 69-17). The rates of corrosion of five different 
kinds of cast iron and one sample of steel and the degree of pro- 
tection afforded by different cathodic current densities were 
measured in 0-OLN sulphuric acid, 0-1N sodium sulphate, and 0-LN 
sodium chloride. The rates of corrosion of the different kinds of 
cast iron tested did not differ much between one another, nor from 
that of steel. An applied cathodic current density equal in value to 
that associated with unprotected corrosion only gave protection to 
the extent of 34 to 78%. The degree of protection by applied 
cathodic current was directly proportional to the current density 
in the case of the two salt solutions. However, no such pro- 
portionality obtains in the case of corrosion in sulphuric acid. 

The Protection of Ships’ Hulls against Marine Corrosion. W. E. 
Lewis. (Transactions of the North East Coast Institution of 
Engineers and Shipbuilders, 1936, vol. 52, pp. 127-142. Reprint). 
The author deals with the problem of minimising the corrosion 
of ships’ hulls. He suggests that any difference which may 
exist in the behaviour of pre-war and post-war ships’ plates 
is probably attributable, not to the intrinsic quality of the 
steel, but to the method of rolling. Pre-war steel, rolled at 
a comparatively low temperature, carries a firm red layer of 
ferric oxide; post-war steel, rolled at rather high temperatures, is 
covered with black magnetic oxide, masking a layer of ferrous 
oxide. It is the latter which is responsible for the disintegration of 
the rolling scale and the subsequent enhanced corrosion of the meta] 
beneath. Descaling before painting would eliminate this particular 
source of attack, but would not otherwise prevent corrosion. With 
mild steel the conditions of exposure are more important than 
minor variations in the chemical constitution. The resistance to 
corrosion can be improved by the addition of special elements, 
but their use in ship construction is not yet economical; paint is 
still the most effective cheap corrosion preventative. 

D 
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Pitting of Stainless Steel by Leather. J. N. Smith. (Machinist 
(Lond.), 1936, vol. 80, Apr. 4, pp. 168z-169£). The leather pack- 
ings used on stainless steel pump rods were sometimes found to 
give rise to pitting at the surface of contact; this was apparently 
due to electrolytic action, the electrolyte being furnished by the 
salts in the leather. By treating the leather with a suitable filler 
pitting was suppressed. 

The Corrosion of Tinplate. T. P. Hoar. (Swansea Technical 
College Metallurgical Society: Sheet Metal Industries, 1936, vol. 
10, Mar., pp. 223-225.) (See Journ. I. and §.I., 1936, No. L., 
p. 205 A.) 

Corrosion and Fatigue. L. Persoz. (Métaux, 1936, vol. 11, 
Mar., pp. 60-65). A review of the work of a number of investigators 
on the corrosion-fatigue of metals, both ferrous and non-ferrous. 

Effect of Continuous Corrosion and Abrasion on the Fatigue of 
Steel. T. U. Matthew. (Journal of the Royal Technical College, 
Glasgow, 1936, vol. 3, Part 4, pp. 636-660). A brief summary of 
the factors influencing the fatigue of metals is followed by an 
investigation on the effect of abrasion and corrosion on the fatigue 
strength of four steels. Details are given of experiments with a 
Wohler machine fitted with auxiliaries giving a continuous abrasive 
and corrosive effect. The results are compared with those of other 
workers where “surfacing ’’ was done previous to loading, or where 
continuous corrosion took place. Continuous abrasion was found 
to have a serious crack-forming tendency, whereas continuous 
polishing had an inhibiting effect. Simultaneous continuous 
abrasion and corrosion were mutually inhibitive, owing to the 
lubricating action of the corrosive fluid. A special feature of the 
tests was a new short-time method of determining the fatigue 
limit. 
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The Chemical Activity of Refractories. J. F. Hyslop. (Journal 
of the Society of Glass Technology, 1936, vol. 20, Apr., pp. 611T- 
62T). A simple method of estimating the attack of a corrosive 
material of high melting point, such as dolomite, on a refractory 
at a particular temperature is given. A small cylinder of dolomite 
is placed on a block of the refractory under test, and heated for a 
definite time at the required temperature. The extent to which 
the dolomite has been consumed, and the nature of the attack on 
the refractory, are a measure of the chemical activity of the refractory 
against the standard dolomite base. 

The Action of Water Vapour on Silica Bricks at High Tem- 
peratures, and its Possible Industrial Significance. A. EK. Dodd. 
(Transactions of the Ceramic Society, 1936, vol. 35, May, pp. 223- 
243). Nine representative silica brick samples, cut from open- 
hearth furnace bricks, were tested to disruption by exposure to 
the action of steam, at a temperature of 1500-1600° C. The bricks 
failed by plastic flow or local rotting. Microsections of the original 
samples, and of the test bricks, were examined. The author dis- 
cusses the probable action of water vapour on the constituents of 
the bricks at the high temperatures employed, and especially on 
the iron and lime compounds. It is concluded that a high ferric 
oxide content causes failure, probably owing to hydrolysis rather 
than reduction; that a low lime content also appears to accelerate 
failure; that some volatilisation of silica, with immediate deposition 
in the amorphous form, would account satisfactorily for the rotting 
effects, and that water vapour causes a marked decrease in the 
viscosity of the bond, either by solution, chemical action, or a 
combination of both. Theauthor discusses the industrial significance * 
of the results obtained. 

Development in Refractory Bricks containing Magnesia. (Stahl 
und Eisen, 1936, vol. 56, May 14, pp. 579-581). A review of the 
literature in which improvements in refractories containing magnesia 
(better resistance to temperature fluctuations, better refractoriness 
under load, improved resistance to attack by acid slags, lower 
production costs, &c.) are recorded. 

Modern Furnace Applications of Refractories and Insulation. 
J. L. Spence and J. W. Craig. (Iron and Steel of Canada, 1936, 
vol. 19, Feb., pp. 3-9). An account is given of the types of re- 
fractories in use, their properties, applications, and manufacture. 








(Continued from pp. 5 A-10 4) 


A New Gas Calorimeter. RK. W. Keith. (Mechanical Engineer- 
ing, 1936, vol. 58, Apr., pp. 225-229). This instrument is based 
on the principle of the thermal balance. The gas under test is burnt 
in a primary chamber with a large volume of air, and the products 
of combustion are used to preheat the incoming air by means of 
a heat exchanger; they then pass to a secondary chamber, where 
they are further heated by a standard source of heat. The junctions 
of a differential thermometrie device placed in the primary and 
secondary chambers enable the difference in temperature to be 
measured. In practice the rate of heating in the chambers is auto- 
matically varied so as to maintain the temperature difference at 
zero. Several suitable arrangements are described, and construc- 
tional details and experimental results are furnished. 

Determination of the Temperature of a Gas. M. Pirani and 
R. Rompe. (Electrochemical Society, Apr. 1936, Preprint 69-39). 
The authors point out that the measurement of the temperature 
of a gas is difficult and often subject to considerable error. These 
difficulties may be attributed to the existence of a false (“‘ transflux ’’) 
equilibrium. The authors discuss this problem from the point of 
view of thermodynamics, and indicate some of the practical results 
which follow. 

Determination of the Specific Heat of By-Products from Coke- 
Oven Plants and Gas Works. W. Schairer. (Gliickauf, 1936, 
vol. 72, May 9, pp. 454-456). The author describes briefly the 
calorimeter used for the determination of the specific heat, tests 
to check its suitability, and means of using it in the case of sub- 
stances which crystallised at room temperature, and then records 
the results of his determinations of the specific heats of a number 

.of crude, intermediate, and final products obtained in coke-oven 
and gas works. 

The Thermal Conductivity of Air and Other Technically Important 
Gases. J.Ulsamer. (Zeitschrift des Vereines deutscher Ingenieure, 
1936, vol. 80, May 2, pp. 537-543). With reference to two recent 
English papers on the coefficients of thermal conductivity of gases, 
the two methods primarily used for obtaining absolute values— 
the hot-wire and the plate method—are discussed critically in the 
light of the latest knowledge on heat transfer. In particular, the 
conditions governing the heat transfer in cylindrical layers, as in 
the hot-wire method (which is finding extended application), are 
applied to the theory of the measuring tube, and a quantitative 
measurement of the influence of convection (a very difficult deter- 
mination) is presented. The most recent experimental values for 
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the thermal conductivity of air, hydrogen, oxygen, nitrogen, and 
carbon dioxide are noted, and their accuracy is discussed. 

Kindling Properties of Coke. ©. R. Holmes and J. D. Davis. 
(Industrial and Engineering Chemistry, 1936, vol. 28, Apr., pp. 
484-488). Studies were made of the effect of the carbonising 
temperature, rank of coal, and volatile content of the coke on the 
ignition temperatures and air requirements for combustion, for five 
typical cokes. The apparatus used is described. The ignition 
temperature and draft required increased with the carbonising 
temperature, but no consistent relation to the rank of coal was 
found. Some relationship between these properties and the volatile 
content, reactivity, and cell space could be traced, but the relation- 
ship was in no case definite over the whole carbonising temperature 
range. 

Practical Applications of Controlled Atmosphere Furnaces. 
T. B. Bechtel. (Industrial Heating, 1936, vol. 3, Apr., pp. 221 
228). Notes on the various practical applications of controlled 
atmosphere furnaces are presented. 

Recent Developments in Coal Preparation. A. Grounds. (Coke 
Oven Manager’s Association, Feb. 20, 1936: Gas World, 1936, 
vol. 104, May 2, Coking Section, pp. 18-24). The Barvoys and 
Hoyois coal-washing systems are described. 

Coal Preparation on the Continent. W. G. Rumbold. (Fuel 
Economist, 1936, vol. 11, Apr., pp. 258-262). The present trend of 
practice in coal preparation on the Continent, and particularly in 
Germany, is discussed. 

The Rheolaveur Washery. A. G. Smith. (Fuel Economist, 
1936, vol. 11, Apr., pp. 267-270). After briefly describing the 
principle of the Rheolaveur system of coal washing, the author 
gives an account of the operating results of washeries in South 
Africa and the north of England. 

Operating Conditions and Working Results in Coal-Cleaning 
Plants in the Ruhr District. F. L. Kiihlwein, H. Meyer, and E. 
Hoffmann. (Gliickauf, 1936, vol. 72, May 16, pp. 465-477; May 23, 
pp. 510-515). The authors present a study of the developments 
in coal cleaning in the Ruhr District in recent years and of the 
factors which have influenced it. In 1924 there were 226 coal- 
cleaning units in the District, whereas in 1934 there were only 139 ; 
as the quantity treated remained about the same, the average 
output had risen steeply. While the problem of coal-cleaning had 
become more difficult owing to marked variations in the raw 
materials, the quantity and cleanliness demanded had not varied 
very much. 

The Drying of Washed Coal. (Fuel Economist, 1936, vol. 11, 
Apr., pp. 279-283). Some modern plants for the drying of washed 
coal are described. 

New By-Product Coking Plant at Glasgow. (Engineer, 1936, 
vol. 161, May 1, pp. 459-460). A New Coke-Oven Plant. (Colliery 
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Guardian, 1936, vol. 152, May 1, pp. 824-826). Coke Ovens and 
By-Product Installation at Govan Ironworks. (Iron and Coal 
Trades Review, 1936, vol. 132, May 1, pp. 787-790). The Coke- 
Oven and By-Product Plant of Messrs. William Dixon, Limited. 
(Engineering, 1936, vol. 141, May 1, pp. 477-480). The new by- 
product coking plant installed at the Govan Iron Works of William 
Dixon, Ltd., is described. The equipment includes coal-handling 
gear capable of dealing with 120 tons per hr., crushers, a service 
bunker with a capacity of 2000 tons, and 50 coke-ovens, which may 
be fired by coke-oven or blast-furnace gas. Regenerators enable 
the required temperature to be attained when the ovens are worked 
on lean gas. The charging apparatus has been designed so as to 
eliminate the formation of smoke. Comprehensive by-product 
plant of the semi-direct type deals with the crude gas. 

Relations between the Tar Yield and Oil Recovery in the Low- 
Temperature Carbonisation and the Coking of Coals. H. Winter. 
(Gliickauf, 1936, vol. 72, May 9, pp. 450-454). In both the low- 
and the high-temperature coking of coal, the tar yield depends on 
the oxygen content of the coal, and hence on its geological age ; 
the younger the coal the greater is the yield. The maximum yield 
of primary tar and light oils is obtained at 500° C. under careful 
heating conditions. In both carbonising processes free space in 
the carbonisation chamber is undesirable, because in it more or 
less extensive thermal reactions take place which affect the forma- 
tion of high-temperature tar. As the tar yield decreases, so the 
benzole recovery generally rises. In those cases where the boundary 
between low- and high-temperature coking disappears, the tar and 
light-oil yields increase considerably, but the latter consists of a 
mixture of benzene and benzoles, while the tar produced consists 
of primary tar and aromatic tar. 

Some Works Tests of Benzole Yields and Laboratory Tests on 
Coal for Carbonisation. H. B. Gibson. (Coke Oven Managers’ 
Association, Feb. 29, 1936: Gas World, 1936, vol. 104, May 2, Coking 
Section, pp. 14-17). ‘Two series of tests are described. In the first 
the yield of benzole from three batteries of ovens was determined, 
using different blends of coal. Curves giving the concentration 
of benzole in the gas with carbonising time are presented. The 
second investigation concerned the relative values of two coals for 
coking in admixture with a third. Coking and swelling indices were 
ascertained, and expansion and box carbonisation tests were 
carried out. 

Solid Carbon Reactivity. C. C. Furnas. (Industrial and En- 
gineering Chemistry, 1936, vol. 28, Apr., pp. 498-502). The 
author suggests that the reactivity of carbon should be measured 
in terms of the reaction rate constants for the equations: (a) 
C+ 0,=CO,; and (b) CO,+C=2CO. The author develops 
a method of obtaining the reaction rate constants on the basis of 
the differential equations for the reaction rates. To derive the 
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constants it is necessary only to know the maximum percentage 
of carbon dioxide and its position in the fuel-bed. Some constants 
for various fuels are tabulated. 

Bituminous Coal for Higher Temperatures in Open-Hearth 
Furnaces. T. Nagel. (Industrial Heating, 1936, vol. 3, Apr., 
pp. 251-254). The author suggests that the calorific value of 
producer gas for open-hearth furnaces may be improved by using 
oxygen from a liquid air plant instead of air in gasifying bituminous 
coal. The economies which might be thus effected are indicated. 

Low Pressure Gas Firing for Industrial Furnaces. (fron and 
Steel Industry, 1936, vol. 9, May, pp. 285-286). The comparative 
merits of the low- and high-pressure systems of gas firing are 
enumerated, and an improved type of low-pressure gas burner 
(the ‘‘ Gako ” burner) is described. 

The Use of Oil and Tar Burners for the Heating of Steelworks’ 
Furnaces and Boilers. G. Neumann. (Stahl und Eisen, 1936, 
vol. 56, May 28, pp. 627-628). The author presents a collection 
of experiences and hints to which attention might be given when 
considering the introduction of liquid fuels for the heating of steel- 
works’ furnaces and boilers. Among the topics touched upon are 
the uniformity of heating of the charge in heating furnaces, types 
of burners, points in their operation and control, ete. 
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The Probable Development of the Profile of Blast-Furnaces. 
E. Cotel. (Seventh International Congress on Mining, Metallurgy 
and Applied Geology, Paris, Oct. 20-26, 1935: Revue de Métal- 
lurgie, Mémoires, 1936, vol. 33, Apr., pp. 253-257). The author 
points out that the output of a blast-furnace is not proportional 
to its height; on the other hand, the diameter of a circular furnace 
should not exceed 2-2} m. at the tuyeres. He suggests, therefore, 
that in the future a return may be made to a rectangular furnace 
resembling the Rachette type, in which the height would be kept 
at the minimum necessary for the adequate treatment of the charge, 
the breadth would not exceed 2-2} m., and the required output 
would be obtained by extending the length. Further, the bosh 
angle has been becoming more and more steep, and the author 
envisages the ultimate total disappearance of the double inverted- 
cone profile, in favour of a straight-sided outline, with the walls 
sloping outwards very slightly from bottom to top. The rectangular 
form may introduce certain difficulties in regard to the hermetic 
closing of the top and the correct distribution of the charge, but it 
will bring with it, the author claims, far more advantages. 

Bilast-Furnace Tuyeres. (Iron and Coal Trades Review, 1936, 
vol. 132, May 8, p. 864). A new type of direct-flow tuyere is 
described, which is divided internally into two chambers, namely, an 
annular chamber at the nose of the tuyere, through which the 
incoming water first circulates, and the main chamber, which forms 
the body of the tuyere. 

New Developments in Blast-Furnace Practice. T. P. Colclough. 
(Iron and Coal Trades Review, 1936, vol. 132, May 1, pp. 806- 
807). The Northamptonshire ores used at the Corby Works of 
Messrs. Stewarts and Lloyds, Limited, offer certain difficulties in 
smelting, owing to the high alumina and sulphur contents. These 
difficulties have been overcome (1) by adjusting the burden to give 
a rather acid slag having a low melting point (the lime/silica ratio 
being approximately unity), and (2) by desulphurising the pig iron 
after smelting in the blast-furnace, by means of soda ash. 

The Rate of Dissociation of Carbon Monoxide in the Presence of 
Iron and its Oxides. F. Meunier. (Seventh International Congress 
on Mining, Metallurgy and Applied Geology, Paris Oct. 20-26, 
1935: Revue de Métallurgie, Mémoires, 1936, vol. 33, Apr., pp. 
258-264). After touching on generalities regarding the reactions 
between iron, carbon and oxygen which may take place in the blast- 
furnace, the author deals with the kinetics of the dissociation of 
CO in the presence of reduced iron and in contact with Fe,03, and 
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then applies these considerations to the case of the blast-furnace. 
He concludes that the precipitation of carbon in the blast-furnace 
occurs during normal operation to a moderate extent, and that it 
takes place to the maximum extent at 400-500° C., owing to the 
presence of reduced iron which acts as a catalyst. This iron appears 
only when that part of the Fe,O, which is accessible to the gas has 
been transformed completely into Fe,0,.. The phenomenon may 
become intense during abnormal working (scaffolding), or local at 
places where the circulation is feeble or nil (pores of iron-bearing 
bricks, obstructions, &c.). 

Technical Data on Blast-Furnace Operation. (Stahl und Eisen, 
1936, vol. 56, June 11, pp. 684-685). It is pointed out that mis- 
understandings will easily arise if exact meanings are not attached 
to the technical terms used in describing the results of the operation 
of blast-furnaces. Accordingly the Blast-Furnace Committee of 
the Verein deutscher Eisenhiittenleute have drawn up a table 
giving precision to the meanings of the following terms: Production, 
burden, consumption, yield, coke consumption, scrap, flue dust 
production, top gas, and time survey. 

Production Reports. I. The Blast-Furnace Report. H. Euler. 
(Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, June, pp. 627-— 
632). The purpose of production reports and the data which 
should be included in daily and monthly reports for blast-furnaces 
are discussed. Draft daily and monthly report forms are suggested, 
and notes on the filling-in of the reports are appended. 

Operating Statistics and Operating Reports in Iron and Steel 
Works. H. Euler. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 9, June, pp. 623-626). The principal features in the planning 
of the preparation of operating statistics and operating reports, 
and the data which they should provide, are discussed. 
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(Continued from pp. 13 a-14 A) 


Developments in the Production of Malleable Castings. H. H. 
Shepherd. (Iron and Steel Industry, 1935, vol. 9, Nov., pp. 51- 
53; Dec., pp. 90-93; 1936, Jan., pp. 127-131; Feb., pp. 167- 
171; Mar., pp. 204-208; Apr., pp. 245-248). After indicating the 
present scope of the malleable iron industry, the author summarises 
the chief factors which enter into its production. He deals first 
with the various mixtures used (notably the quality of the scrap 
and pig iron), the permissible sulphur content, and the employment 
of high-silicon pig iron. Then follows a discussion of the influence 
of sulphur, manganese, chromium, and titanium, the theories of 
graphite and silicate nuclei, the use of ferro-alloys, and the com- 
parative merits of charcoal and coke in cupola practice. The 
author goes on to survey the methods of melting used. After 
shortly referring to the crucible process for the manufacture of 
whiteheart castings, he considers the cupola, and duplex and triplex 
processes. Air furnaces fired by hand, pulverised coal and oil are 
then described, and in the concluding article the use of the open- 
hearth furnace and of various types of electric furnace for melting 
malleable iron is discussed. 

Contribution to the Investigation of Facing Materials. F. Roll. 
(Giesserei, 1936, vol. 23, May 8, pp. 236-238). The author reviews 
the facing materials (used to prevent the moulding sand from 
adhering to the casting) on the market. The analyses and other 
characteristics of twenty-three such materials are tabulated. 

Casting Grey Iron under Pressure in Metal Moulds. L. M. 
Waite. (Iron Age, 1936, vol. 137, Apr. 30, pp. 30-32). A pressure- 
casting machine for cast iron is described. The molten metal is 
contained in a crucible, which is closed except for an air connection 
and metal nozzle. The application of compressed air forces the 
metal through the nozzle into the moulds, which are attached. 

Rolling-Mill Rolls. A New Method of Manufacture. Dynamic 
Solidification (Solidyna). L. Quincy. (Revue de Métallurgie, 
Mémoires, 1936, vol. 33, Apr., pp. 265-279). In the method of 
roll founding described the specially-arranged mould is filled in the 
vertical position, all openings are firmly closed, the mould is lowered 
to the horizontal position, and is then rotated until solidification is 
complete. At a certain moment a rod is forced through the roll 
along its axis; the diameter of the rod is such that its volume is 
slightly greater than that of the pipe cavity which would form, 
so that the metal surrounding it is under slight compression. The 
pipe in these centrifuged rolls, if left unfilled, occupies the axial 
position exactly; its volume is greater than that of the pipe in 
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rolls cast in the ordinary manner. The author discusses the mechan- 
ism of dynamic solidification, the speed of rotation required, and 
points out the essential differences between this process and the 
ordinary centrifugal casting method, with particular reference to 
the quality and properties of the resulting casting. In conclusion, 
examples of results already obtained are given, and the future of 
dynamic solidification is discussed. 

The Largest and the Oldest Iron Castings. T. T. Reed. (Iron 
Age, 1936, vol. 137, Apr. 30, pp. 18-20). According to the author 
the largest iron casting is probably the cast-iron lion at Ts’ang- 
chou, fifty miles south of Tientsin. It is 20 ft. high and about 
18 ft. long, and was cast in A.D. 935. The date of the oldest iron 
casting is somewhat uncertain. Although cast-iron images which 
were probably made before the beginning of the Christian era have 
been found in China, there are evidences of the existence of an art 
of iron founding before this. 

Ford’s New Facilities for Casting Alloy Steels. (Iron Age, 1936, 
vol. 137, Apr. 30, pp. 22-25). The electric furnaces and foundry 
equipment used at the Rouge plant of the Ford Motor Co. for the 
production of cast crankshafts and camshafts are described. 

Influence of the Freezing Conditions on the Primary Crystal 
Development of Grey Cast Iron. P. Tobias and K. Casper. (Gies- 
serei, 1936, vol. 23, Apr. 24, pp. 201-205). The authors present a 
general discussion of the primary crystal structure of cast iron 
and the influence on it of the conditions reigning during solidification. 
Cast iron obeys exactly the same laws of crystallisation during 
freezing as other metals and alloys. As the graphite separates 
only after the formation of the primary crystals, its position is 
determined by them. Owing to the arrangement of the manganese 
sulphide on the main and branch axes of the dendrites, the graphite 
lamelle, formed secondarily, orientate themselves perpendicularly 
to them. Sulphur prints show that the primary crystals in cast 
iron are also orientated in accordance with the direction of heat 
flow. 

Contraction. W. Machin and M. Oldham. (Institute of British 
Foundrymen: Foundry Trade Journal, 1936, vol. 54, Apr. 30, 
pp. 343-348). The authors discuss the avoidance of casting defects 
consequent on contraction during cooling, and quote examples of 
proper and improper foundry practice in this connection. The 
results of an investigation on the presence and subsequent removal 
by stress-relief of the cooling stresses set up in an experimental 
casting are also presented. 
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The Basic Bessemer Steelworks of Stewarts & Lloyds at Corby. 
F. Lilge. (Stahl und Eisen, 1936, vol. 56, May 7, pp. 537-544). 
An illustrated description of the plant is given. (See Journ. I. and 
S.I., 1936, No. I., p. 56 A). 

The Broken Hill Steelworks in Australia. I. C. Elsworth. 
(Blast Furnace and Steel Plant, 1936, vol. 24, Apr., pp. 305-307). 
A short description of the blast-furnace and steel plant established 
at Newcastle Harbour, New South Wales, by the Broken Hill Pro- 
prietary Company, Ltd., is presented. 

Important Factors in Open-Hearth Control. H. H. Gorrie. 
(Blast Furnace and Steel Plant, 1936, vol. 24, Apr., pp. 322-325). 
The advantages attaching to the use of furnace pressure indicators, 
fuel/air ratio meters, and roof temperature recorders are discussed. 

The Temperature-Difference Method of Open-Hearth Furnace 
Reversal. A. Smithson. (Metallurgia, 1936, vol. 13, Apr., pp. 
188-190). After comparing the fully- and semi-automatic systems 
of furnace reversal the author describes in further detail the operation 
of a typical semi-automatic installation. 

Calcium-Aluminium as a Deoxidant for Steels. G. P. Fenner. 
(Iron and Steel Industry, 1936, vol. 9, Apr., p. 244). The oxides of 
aluminium and calcium are capable of forming a two-constituent 
slag of fairly low melting point; hence a suitable alloy of calcium 
and aluminium is likely to prove an effective deoxidant for steels. 
The author presents a short note on the method. 

The Degree of Oxidation of Open-Hearth Slags and their Evolu- 
tion during the Working of the Heat. G. Husson. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, Apr., pp. 237-242). This paper is in three parts. In the 
first the author deals with the determination of the free iron oxide 
content of a slag and its fusibility; in the remaining parts he 
discusses the changes which take place in basic and in acid slags 
during the working of a heat. 

Recent Improvements in Electric Furnaces with Crossed Conduits. 
J. Kuntziger. (Seventh International Congress on Mining, Metal- 
lurgy and Applied Geology, Paris, Oct. 20-26, 1985: Revue de 
Métallurgie, Mémoires, 1936, vol. 33, Apr., pp. 244-246). The 
furnaces in questioy are of the resistance type, in which the heating 
element is molten metal contained in channels or conduits within 
the refractory body, arranged in such a way that the metal circulates 
on the principle of the thermosyphon, by which means those parts 
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of the metal where the Joule effect is developed are continuously 
renewed. 

Deoxidation of Electric Steel. A. E. Greene. (Iron Age, 1936, 
vol. 137, Apr. 23, pp. 37-39). The author discusses the deoxidation 
of steel. He suggests that deoxidation during slow melting prior to 
the addition of alloys, is the most satisfactory method. 

The High-Frequency Furnace in the Steelworks. D. I’. Campbell. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935: Revue de Métallurgie, Mémoires, 
1936, vol. 33, Apr., pp. 247-252). A number of high-frequency 
electric-furnace installations are illustrated and briefly commented on. 

Operation of Large-Size Coreless Induction Furnaces. F. 
Bardenheuer. (Steel, 1936, vol. 98, May 11, pp. 46-50). This is 
an English translation of an article which appeared in Stahl und 
Eisen, 1935, vol. 55, pp. 821-825. (See Journ. I. and §.1., 1935, 
No. IT., p. 386). 

Finishing the Heat of Steel. J. H. Hruska. (Blast Furnace 
and Steel Plant, 1936, vol. 24, Jan., pp. 68-70; Feb., pp. 160-161; 
Mar., pp. 239-240, 257; Apr., pp. 336-337, 355). Continuing this 
series of articles, the author describes ingot moulds of the solid, 
split, and composite types, discusses the use of mould stools, and of 
moulds for rimmed ingots, and then proceeds to deal with the 
production of ingots for specific purposes, including forging ingots 
and ingots for drawing into wire. (See also Journ. |. and S.L., 
1936, No. I., p. 126 4). 

Benefits from Corrugated Moulds. E. Gathmann. (Blast 
Furnace and Steel Plant, 1936, vol. 24, Apr., pp. 326-327). The 
advantages to be derived from the use of corrugated ingot moulds 
are briefly indicated. 

A Process for the Improvement of Direct Casting of Molten Metal 
from Above. M.A. Bosment. (British Steelmaker, 1936, Vol. 2, May, 
pp. 139-140). The large percentage of defective rails which occurred 
in steel taken from the bottom of directly-poured ingots induced 
the present author to undertake experiments on the splashing effect 
which takes place. He discovered that by placing a bolster con- 
sisting of a spiral of wire netting at the base of the ingot, splashing 
was largely eliminated, and the number of defective rails reduced to 
normal proportions. 

The Heating of Feeder Heads of Ingots and Castings by the 
Electric Arc. L. Granger. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935 : 
Revue de Métallurgie, Mémoires, 1936, vol. 33, Apr., p. 243). The 
author touches briefly on the use of the electric arc as a means of 
keeping hot the feeder heads on ingots and castings in order to 
minimise piping. 
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(Continued from pp. 21 A-22 a) 


Spread in Rolling for Various Speeds of Rolling and Steel Com- 
positions. A. Spenlé. (Stahl und Eisen, 1936, vol. 56, May 7, 
pp. 544-548). The author presents the results of rolling tests 
carried out on three plain steels of different tensile strengths to 
demonstrate the influence of the speed of rolling on the spread, 
and shows that, in order to keep within the variations of spread 
usual in practice, that rolling speed which has the minimum effect 
on the variability of the spread must be used. While keeping all 
the other factors affecting the spread constant, the spread of a 
number of alloy steels was also examined; it was found that alloy 
additions caused considerable variations in the spread as compared 
with unalloyed steels. 

Structure of Lubricating Greases. B. B. Farrington and W. N. 
Davis. (Industrial and Engineering Chemistry, 1936, vol. 28, 
Apr., pp. 414-416). The texture of lubricating greases was cor- 
related with the length of soap fibre by means of photomicrographs. 
The fibres were found to vary in length from 1 mm. to a fraction 
of a micron, and may even be ultramicroscopic. A system of 
classifying lubricating greases on the basis of soap fibre length is 
proposed, and the applicability of the microscopic method to the 
control of grease manufacture is indicated. 

A New Strip and Wide Strip Rolling-Mill. G. B. Lobkowitz. 
(Stahl und Eisen, 1936, vol. 56, May 14, pp. 571-574). An illustrated 
description of the strip and wide strip rolling-mill of Messrs. Arthur 
Lee & Sons, Ltd., of Sheffield, is given. (See Journ. I. and S.L., 
1936, No. I., p. 33 a). 

Cold Finished Bars, Flats, Shafting, Shapes. H. W. Graham. 
(Metal Progress, 1936, vol. 29, Apr., pp. 47-51). The various 
methods of cold-finishing, namely, cold-rolling, cold-drawing, cold- 
drawing and grinding, turning and polishing, and turning and 
grinding, are compared; the properties of cold-drawn stock are 
briefly indicated. ; 





“w=wtrras 





l= 


ts 
50 


id 








( 63a ) 


HEAT TREATMENT 





(Continued from pp. 24 a-26 A) 


The Application of Cyanide to Steel Treating. H. B. Northrup. 
(Industrial Heating, 1936, vol. 3, Mar., pp. 155-158; Apr., pp. 
237-240). Three different cyanide treatments are now in use. 
They are: (1) Cyaniding heat treatment, to prevent decarburisation ; 
(2) the familiar case-hardening operation; (3) cyanide reheating 
treatment for oil-hardening alloy steels. These treatments are 
described. The type of case obtainable is briefly described, and in 
conclusion the containers used for cyaniding are discussed. 

Shorter Double-Duro Process. (Iron and Steel Industry, 1936, 
vol. 9, Apr., pp. 267-268). (See Journ. I. and §S.I., 1936, No. I., 
p. 219 4). 

Blow-Pipe Quenching. A. Bilard. (Soudeur-Coupeur, 1936, 
vol. 15, May, pp. 1-9). The Shorter process of local hardening, by 
heating with a blow-pipe and immediately quenching in a suitable 
medium, is described and illustrated, and examples of the effects 
produced by the treatment are reproduced. 

Dimensional Changes of Steel Parts on Nitriding. J. E. Kontoro- 
vitch and R. J. Motzalkin. (Stahl und Eisen, 1936, vol. 56, 
May 7, pp. 553-554). A brief account is given of experiments 
made on solid and hollow steel specimens to determine the influence 
of the diameter and the thickness (in the case of hollow specimens), 
the nitriding process and the thickness of the nitrided layer on the 
dimensional changes of the material during nitriding; the results 
are recorded in diagrams. In further,tests small rectangular plates 
and rings were used, and the results of these experiments are 
tabulated. From their tests the authors conclude that the unequal 
contractions of the nitrided layer and the core set up internal 
stresses; their magnitude was investigated, and was found to be 
considerable, particularly in thin-walled objects. 

Batch-Type Electric Furnaces. G. J. Hales. (Industrial Heat- 
ing, 1936, vol. 3, Feb., pp. 97-100; Mar., pp. 166-168; Apr., pp. 
243-246). The conditions which determine the efficient operation 
of batch-type electric furnaces are examined. It is shown that the 
maximum production is secured when the rates of heat supply and 
heat absorption are the same. Since heat must also be supplied 
to the brickwork, the use of insulating or semi-refractory bricks is 
advantageous. The selection of a furnace depends on: (1) the size 
and shape of the charge, (2) the method of loading, (3) the method of 
handling, and (4) the temperature; these factors are discussed. 
Finally, the importance of loading and unloading time, and of the 
maintenance of a temperature gradient within the furnace are 
touched on. 
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Possibilities of Convection Type Heating Equipment. C. E. 
Buysse. (Industrial Heating, 1936, vol. 3, Apr., pp. 230-236). 
The operating characteristics of various types of convection-heated 
furnaces are discussed. 

Selecting and Heat Treating Steels for Making Gears. J. T. 
Howat. (Steel, 1936, vol. 98, May 4, pp. 44-46). A short account 
is given of the steels used for making gears, the heat treatments 
given, and the microstructures which appear. 

The Heat Treatment of Steel Rails. J.C. W. Humfrey. (Iron 
and Steel Industry, 1936, vol. 9, Mar., pp. 227-232; Apr., pp. 
265-267). In the endeavour to improve the mechanical properties 
of steel rails two methods have been used, namely, chemical harden- 
ing (by increasing the carbon or manganese content), and heat 
treatment. The author outlines the methods of heat treatment in 
use, and describes the Sandberg process at further length. This 
treatment consists of applying accelerated cooling to the rail-heads 
by means of atomised water, after which the rails are transferred 
to an insulated chamber in which they are allowed to soak ; finally, 
they are slowly cooled in a second chamber and passed to the hot 
bank. In this way the hardness and tensile strength of the rail 
tread are greatly increased without serious loss of toughness or 
ductility, while the treated rails also exhibit a greater capacity for 
work-hardening than those not treated. 

Continuous Heat Treatment of Steels. R. Saxton. (Sheet 
Metal Industries, 1936, vol. 10, Apr., pp. 289-290). A short 
account of the processes and plant used in the continuous annealing 
of wire and strip is presented. 

Shallow Hardening. Factors Causing it. I*. B. Foley. (Metal 
Progress, 1936, vol. 29, Apr., pp. 59-62). The hardening of steel 
is discussed in the light of the work carried out by Portevin and 
Garvin, and by Bain, on the critical cooling velocity and other 
factors influencing the depth of hardness. 

The Heat Treatment of Cast Iron by Hardening and Tempering. 
J. EK. Hurst. (American Foundrymen’s Association, May 1936, 
Preprint No. 36-7). After a brief historical introduction the author 
discusses the effect of heat treatment on the mechanical properties 
(including the stress/strain relationship and modulus of elasticity) of 
cast iron, and the influence of composition and casting conditions on 
the properties obtainable. He then considers the mechanism of 
hardening and tempering, particularly the effect of chemical com- 
position, alloy additions, and quenching temperature, and refers to 
the stabilising effect of molybdenum on the strength of nitrogen- 
hardening cast iron, and the influence of alloying additions on the 
quenching speed. Finally the influence of heat treatment on the 
internal stresses is dealt with. 
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WELDING AND CUTTING 





(Continued from pp. 27 4-29 a) 


Technical Rules for Autogenous Welding. (Revue de la Soudure 
Autogéne, 1936, vol. 28, Apr., pp. 2-3). Numerous specifications 
dealing with particular aspects of welding have been published, 
but there are no general specifications applicable to all welded 
structures and methods of welding. A committee of the Comité 
de Normalisation de la Soudure (Paris) has been considering this 
matter, and in the present article their proposals are put forward 
for public criticism. 

The Training of Electric Welders. W. G. Poole and R. T. 
Rolfe. (Journal of the Institution of Petroleum Technologists, 
1936, vol. 22, Apr., pp. 233-246). A brief outline is given of the 
type of training an electric welder should receive. In addition, 
the “ British Standard Specification for Routine Tests for Welders 
engaged in Metal Arc Welding ”’ is shortly described, and in an 
appendix typical results of tests on welders are presented. 

Fundamentals of Spot Welding with Particular Reference to 
Electrode Life. E. I. Larsen. (Journal of the American Welding 
Society, 1936, vol. 15, Apr., pp. 25-31). A study was made of the 
factors which govern the life of spot-welding electrodes. Electrodes 
of copper, and of two electrode alloys, Elkaloy A, and Mallory 3, 
were used. ‘Tests were performed on the susceptibility to “‘ mush- 
rooming ”’ (i.e., spreading of the electrode tip) and its influence on 
the welding conditions, and the effect of variation in electrical 
conductivity and hardness. The ability of the electrode to retain 
its hardness at elevated temperatures was observed to be of major 
importance. 

Current Rectifier Control in Spot and Seam Welding. H. Wilbert. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Apr. 4, 
pp. 419-421). The use of rectifiers to control the current flowing 
during spot or seam welding and several welding machines of these 
types are described and illustrated. 

The Welding of Pressure Vessels. S. F. Dorey. (Journal of 
the Institution of Petroleum Technologists, 1936, vol. 22, Apr., 
pp. 211-223). The author discusses the following aspects of welding 
as applied to pressure vessels: The quality of the parent plate 
material, and of the electrodes; welding technique; residual 
stresses and stress relief; and testing and inspection. 

Gas Welding of Class I. Pressure Vessels. G. W. Plinke. 
(Journal of the American Welding Society, 1936, vol. 15, Apr., 
pp. 20-24). The author gives an account of some tests undertaken 
to discover whether oxy-acetylene welding could be used success- 
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fully for welding Class I. pressure vessels. These tests were satis- 
factory, and it was decided to fabricate a Class I. pressure vessel 
in this way. The procedure adopted is described. 

The Welding of Frames and Bridges. A. Goelzer. (Revue de 
la Soudure Autogéne, 1936, vol. 28, Apr., pp. 10-13). (See Journ. 
I. and §.1., 1936, No. I., p. 138 4). 

Automatic Carbon-Arc Welding and its Application in Steel 
Construction. K. Reiter. (Zeitschrift des Oecesterreichische In- 
genieur- und Architektenvereines, 1936, vol. 88, May 1, pp. 100- 
102). 

The Use of Welding in Transportation and Storage of Oil. A. C. 
Hartley and A. C. Vivian. (Journal of the Institution of Petroleum 
Technologists, 1936, vol. 22, Apr., pp. 224-232). The authors deal 
with the methods of welding adopted, the types of joint used, and 
welding personnel and equipment. Experience with different 
welded joints has shown that the plain butt weld is entirely suitable 
both for repair work and new construction. Welding is also being 
successfully applied to the fabrication of storage tanks. 

Modern Auxiliaries of Welding Technique in the Manufacture 
of Tubes. (Internationale Réhrenindustrie, 1936, vol. 1, Apr., 
pp. 4-7). An automatic welding head, for controlling the feed of 
the electrode during machine-welding, is described, and examples 
of its use in the welding of tubes are given. 

Welding in Strip-Mill Practice. J. Selwyn Caswell. (Sheet 
Metal Industries, 1936, vol. 10, Apr., pp. 327-329 : Welding Journal, 
1936, vol. 33, Apr., pp. 106-108). The application of welding to 
the joining of rolled strip, the fabrication of strip mill plant, the 
repair of mill equipment, and the building up of worn parts is 
discussed. 

Broken Shaft of Large Rock Crusher Salvaged by Braze Welding. 
G. W. Irwin. (Iron Age, 1936, vol. 137, Apr. 2, pp. 36-38). The 
following procedure was adopted for repairing the broken shaft 
of a large rock crusher: The fractured ends were bored to take 
a slightly oversize steel pin 4 in. in dia.; the edges of the fractured 
parts were bevelled, and the pin was shrunk in by means of liquid 
air. Before assembly studs were inserted in order to resist the 
torque. The shaft was preheated, and brazing was accomplished 
by the use of welding torches and bronze welding rods. 

Welding Hard-Facings on Drilling Tools. J. Cuthill. (Journal 
of the Institution of Petroleum Technologists, 1936, vol. 22, Apr., 
pp. 205-210). The author discusses the application of hard metal 
alloys and of diamond substitutes (such as tungsten carbide) to 
the hard-facing of tools for oil drilling. 

Impact Tests of Welded Joints. W.Spraragen and G. E. Claussen. 
(Journal of the American Welding Society, 1936, vol. 15, Apr., 
pp. 2-12). A review of the literature on the subject is presented. 
The methods of making impact tests adopted in America, Europe, 
and Australia are discussed, and the results obtained are described ; 
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service tests are also considered. The paper concludes with a 
bibliography of 98 references. 

Susceptibility to Weld Fissures of Steels of Higher Tensile Strength. 
F. Bollenrath and H. Cornelius. (Stahl und Eisen, 1936, vol. 56, 
May 14, pp. 565-571). Starting out from the fact that welding 
and constructional stresses have a great bearing on the occurrence 
of weld fissures, the authors discuss the influence of the raw material 
used in making the steel, the process by which it is made, and the 
purity of the parent metal and filler rod as well as the purity of 
the gas and the welding technique employed on the tendency of 
the welds produced to fissure. It is shown that any measures 
which will reduce the stresses set up in welding, in erection, or in 
pretreatment will have a beneficial effect on this susceptibility to 
fissuring. The authors regard the demand for sulphur and phos- 
phorus contents in the parent metal not greater than 0-035°% as 
excessive. The possibility of the occurrence of fissures after 
welding even at temperatures below 250° C. is indicated. 

Welding of High-Tensile Unalloyed Steels. K.L. Zeyen. (Stahl 
und Eisen, 1936, vol. 56, June 4, pp. 654-657). Tensile tests on 
butt and fillet welds in 6- and 12-mm. thick sheets of unalloyed 
steel with 0-1-0-7% of carbon, showed that these steels can be 
arc-welded if suitable electrodes are used. Experiments were made 
with unalloyed or low-alloy electrodes with coats of various thick- 
nesses, alloyed cored electrodes, and austenitic electrodes. A 
heavily coated electrode which was suitable for butt-welding plain 
steels with carbon contents of up to about 0-55 was found to be 
useless for fillet welds, because the great development of heat on 
welding steels with more than 0-4% of carbon led to heat cracks 
in the welds. Best values for the tensile strength, bending angle, 
and notched impact test were obtained by arc-welding with an 
austenitic electrode containing 25% of chromium and 20% of nickel, 
while the alternating bend strength was higher when using other 
electrodes, and in particular when welding by means of the blow- 
pipe. 

The Principles of Metallurgy Applied to Welding. E. C. Houston. 
(Welding Industry, 1936, vol. 4, May, pp. 153-160). Among the 
aspects dealt with are the following: Diffusion between the weld 
metal and parent plate; thermal effects; contraction stresses; 
the hardening effect; atmospheric contamination, and especially 
the effect of nitrogen. 
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(Continued from pp. 31 A-32 A) 


Anodic Pickling of Iron and Steel. R. Miiller and L. Harant. 
(Electrochemical Society, Apr. 1936, Preprint 69-28). A study was 
made of the anodic pickling process, and of the factors which 
determine its efficiency. Various solutions of acidified and un- 
acidified neutral salts were investigated, and of these an acidified 
FeSO, solution yielded the best results. The relation between the 
current density and pickling time, the minimum time required for 
pickling, the effect of the pH value, temperature and amount of 
scale, and the anode current efficiency at low current densities were 
studied. The authors compare the cost of anodic pickling with 
that of ordinary chemical pickling, and suggest that the former 
process is likely to be found to be economical. In conclusion they 
submit a suitable specification for efficient and economical anodic 
pickling. 

Inhibitors in Pickling. E. Jimeno, I. Grifoll, and F. R. Morral. 
(Electrochemical Society, Apr. 1936, Preprint 69-34). The efficiency 
of a number of inhibitors at and above room temperature was in- 
vestigated. The beneficial action of colloidal inhibitors depends 
on the adsorption of the inhibitor by the cathodic areas of the local 
cells which are present on the surface of the metal. The higher 
iron oxides are reduced in spite of the presence of the inhibitor. 
The specific beneficial action of the inhibitor is the retardation of 
the evolution of hydrogen. There is a definite connection between 
the action of the inhibitor and the hydrogen overvoltage. 

Use of Inhibitors in Pickling Iron. H. P. Munger. (Electro- 
chemical Society, Apr. 1936, Preprint 69-38). The solution of scale 
on iron in an acid solution gives rise to an electrolytic cell of com- 
paratively high voltage. Metallic inhibitors such as arsenic protect 
iron by plating out on the surface of the exposed iron areas, and, 
being negatively charged with respect to the iron, prevent the 
discharge of hydrogen ions by their high hydrogen overvoltage. 
Organic inhibitors are adsorbed on the negatively charged cathode 
areas of the iron, after the scale has been removed, and eliminate 
hydrogen evolution by changing the interfacial resistance, and by 
a specific effect on the discharge of hydrogen ion’. Organic in- 
hibitors cannot be used to prevent “furnace pits”? and defects 
arising from original discontinuities in the scale. 
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(Continued from pp. 33 a-34 A) 


Nickel-Cobalt Alloy Plating from Acid Sulphate Solution. C. B. F. 
Young and N. A. Gould. (Electrochemical Society, Apr. 1936, Pre- 
print 69-26). The co-deposition of nickel and cobalt from an acid 
sulphate solution using a rotating cathode was investigated. The 
effects of temperature, agitation, current density, hydrogen-ion 
concentration, and addition agents were determined. Increasing 
the temperature of the bath resulted in an increase of the cobalt 
in the alloy produced. Increasing the speed of rotation of the 
cathode decreased the nickel content of the resultant plate obtained. 
A decrease in current density had the effect of decreasing the cobalt 
content of the alloy deposited. A change in pH towards lower 
acidity resulted in an increase of the nickel in the alloy plate. 
Gelatin added to the solution produced bright deposits at a fairly 
high current density without noticeable effect on the composition 
of the alloy. 

Bethlehem Introduces New Process for Electrolytic Coating of 
Steel Wire with Zinc. (Iron Age, 1936, vol. 137, Apr. 23, pp. 44— 
46). An account is given of the production of Bethanised wire 
at the Johnstown, Pa., plant of the Bethlehem Steel Co. The raw 
material is roasted zinc concentrate carrying 50 to 60% of zinc. 
This is dissolved in spent acid electrolyte, and the various impurities 
present are removed chemically. ‘The resultant solution—consisting 
substantially of zinc sulphate—is run into the electrolyte. In 
order to obtain a bright hydrogen-free surface on the wire to be 
plated, it is made the cathode in an electrolytic bath containing 
a fused salt such as sodium hydroxide. The wire is then washed 
and run through the plating cells. Anodes consisting of an alloy 
of lead and silver are employed. After being plated the wire is 
drawn through polishing dies to give it a good surface. The process 
is known as Bethanising. 

Recent Developments Open Path to Wider Use of Bright Zinc 
Plating. M. B. Diggin. (Steel, 1936, vol. 98, Apr. 20, pp. 44- 
46). Inspite of the higher cost of the metal, cadmium has hitherto 
often been preferred to zinc for coating iron and steel, because of 
its bright appearance and superior plating qualities. Recent 
investigations, however, have shown that zine possesses a higher 
resistance to atmospheric conditions than cadmium-plating. An 
improved electrolytic zinc-plating process has been developed by 
the Hanson-Van Winkle-Munning Co. which is designed to produce 
bright corrosion-resistant coatings; this process is briefly described: 

Some Practical Aspects of Galvaniser Dross at High Temperatures. 
(Iron and Steel of Canada, 1936, vol. 19, Feb., pp. 11-12). In the 
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galvanising process the addition of fresh zinc to the galvanising 
bath after the removal of dross often leads to the production of 
new dross. This is explained in the following way. At low temp- 
erature less iron is required in the bath to form dross than at a 
higher temperature; hence when, after dross removal, fresh zinc 
is added to the bath, the temperature drops, and the residual iron 
remaining is able to form new dross at this lower temperature. 

Tinplate from Grease-Pot Rolling to Printing and Fabrication. 
(Sheet Metal Industries, 1936, vol. 10, Apr., pp. 299-301). Some 
of the difficulties occasionally associated with the operations of 
grease-pot rolling, cleaning, lacquering, printing, varnishing, and 
fabricating tinplate are discussed. 

Sprayed Metal Coatings. Technique and Properties. E. L. 
Mathy. (Metal Progress, 1936, vol. 29, Apr., pp. 52-56). The 
technique of metal spraying, and the properties of the sprayed 
coatings are discussed. 

Further Data on Enamel Adherence. K. M. Kautz. (Journal 
of the American Ceramic Society, 1936, vol. 19, Apr., pp. 93-108). 
Experiments designed to test the theories of gripping and electro- 
chemical displacement as factors in the adherence of enamels were 
performed. Rough surfaces on chromium, stainless steel, and 
nickel produced no better adherence than smooth surfaces. Rough 
and smooth surfaces on iron enamelled in vacuo and in nitrogen 
gave extremely poor adherence. Conditions favourable to electro- 
chemical reactions did not appear to have any effect, but the presence 
of oxide layers impaired the adherence. A brief review of the 
work of several investigators on the constitution of iron scale is 
given and the mode of occurrence of metallic iron in iron scale is 
indicated. Microscopic study of the iron/enamel contact zones 
indicated that the bonding medium consists of a film of ferrous 
phase between the glass and the metal. Cobalt oxide appears to 
promote solution of the ferrous phase in the enamel and to act as an 
oxygen carrier. 

Effect of Mill Additions on the Thermal Expansion of Sheet-Iron 
Ground-Coat Enamels. R. L. Fellows and E. E. Howe. (Journal 
of the American Ceramic Society, 1936, vol. 19, Apr., pp. 109-111). 
Thermal expansion studies were made on a two-frit ground-coat 
enamel, varying the amounts of clay, felspar, and silica. Tests 
were also performed on enamels containing different proportions 
of high- and low-expansion frits. Rod and plate specimens were 
used, the expansion being measured by the interferometer. The 
thermal expansion of the enamel was found to be proportional to 
the amount of high- and low-expansion frit present in a two-frit 
ground-coat. The softening temperature is dependent upon the 
relative amounts of hard and soft frit present. Clay, silica, and 
felspar lower the thermal expansion when used as mill additions ; 
clay and felspar are slightly more soluble than silica in the ground 
enamel used. The plate and rod methods of preparing specimens 
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do not always agree, and may therefore offer a means of comparing 
the solubilities of the materials. 

Acid-Proof Enamelling on Cast Iron. P. ©. Stone. (Institute 
of Vitreous Enamellers: Foundry Trade Journal, 1936, vol. 54, 
May 7, pp. 366-368). The chief factors involved in the enamelling 
of cast iron with acid-proof vitreous enamel are discussed. 

Enamel Mill-Room Practice. G. Steele. (Institute of Vitreous 
Enamellers: Foundry Trade Journal, 1936, vol. 54, May 7, pp. 
369-372). The design and operation of ball mills to secure the 
efficient grinding of enamels are discussed. 

Physical Study of Two-Coat Paint Systems. D. W. Robertson 
and A. E. Jacobsen. (Industrial and Engineering Chemistry, 1936, 
vol. 28, Apr., pp. 403-407). Various combinations of primers and 
top coats were exposed and tested for distensibility, flexibility, and 
tensile strength. The paints were applied to tinned copper panels, 
and were subsequently removed by allowing mercury to amalga- 
mate with the tin. The results obtained emphasise the importance 
of the priming coat in the efficiency of two-coat paint systems. 

Colouring of Metals. H. R. Simonds and C. B. Young. (Iron 
Age, 1936, vol. 137, Mar. 26, pp. 48-53). The following different 
methods of producing coloured surfaces on iron and steel are dis- 
cussed: (1) Heat tinting; (2) chemical treatment; (3) alloying; 
(4) plating. 
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(Continued from pp. 35 a-44 a) 


What Do Recent Developments in the Science of the Non-Ferrous 
Metals Offer to the Steel Metallurgist? G. Masing. (Stahl und 
Eisen, 1936, vol. 56, Apr. 16, pp. 457-465). The author presents 
a review of the progress and research problems of the non-ferrous 
industry and indicates points of contact with the iron and steel 
industry. He discusses the following aspects: Aluminium; its 
fields of application in comparison with steel and copper alloys, 
melting and deoxidation technique, alloying of aluminium, corrosion 
protection. Zinc; production of high-purity zinc, die casting. 
Copper; deoxidation, economy of tin in bronzes, hardenable copper 
alloys. Nickel; ferromagnetic alloys, corrosion-preventing coat- 
ings. Economy of tin in rust-proof coatings. 

The Acceptance Testing of Iron and Steel. H. Freiherr von 
Jiiptner. (Montanistische Rundschau, 1936, vol. 28, Apr. 16). 
A general discussion of the acceptance testing of iron and steel 
deliveries, illustrated by means of examples. 

New Metrological Application of the Magnifying Bi-axial Lever 
moving about a Fixed Point. A Graphically Registering Machine 
for the Mechanical Testing of Metals. P.Chevenard. (Revue de 
Métallurgie, Mémoires, 1936, vol. 33, Apr., pp. 280-287). The 
author first describes the principle of the optical lever rotatable 
about two rectangular axes and its application to the determina- 
tion of the mechanical properties of metals, and then gives details 
of a mechanical testing machine in which the principle is employed. 
As the appliance is larger and more robust than the “‘ micromachine ” 
associated with the author’s name, the recording ray of light and 
mirror are replaced by a scriber, w hich is actuated in the same way 
as the mirror is tilted. Examples of the types of diagrams produced 
are given, and the applications of the machine are discussed. 

tra-Sound Waves. E. Hiedemann. (Stahl und Eisen, 1936, 
vol. 56, May 21, pp. 600-603). Ultra-sound waves are those whose 
frequencies are greater than those of the waves in the audible range. 
The author discusses the production of ultra-sound waves, their use 
for the non-destructive testing of materials, their action on crystal 
structure, their effect on the degasification of liquids and melts, 
the production of emulsions, and the coagulation of minute particles 
suspended in gases by their agency. 

Comparison of the Deformations Obtained by Hydraulic Pressure 
and by the Action of the Gases from Explosives in Cylindrical Tubes. 
G. Ménard. (Mémorial de |’Artillerie Francaise, 1936, vol. 15, 
Part 1, pp. 31-53). Previous experiments had shown that a bomb, 
which had been deformed by hydraulic pressure and was then 
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submitted to increasing pressures by the action of the gases from 
explosives, did not continue to deform again until the pressure 
(measured by the flattening of a crusher) became approximately 
equal to the maximum pressure applied hydraulically. The purpose 
of the author’s work was to confirm this result by comparing the 
deformations of two identical cylindrical tubes caused by hydraulic 
pressure in one case and by the effect of the gases from explosives 
in the other. 

Experiments on Autofrettage. P. Martin. (Mémorial de 
lArtillerie Francaise, 1936, vol. 15, Part 1, pp. 3-30). The author 
gives an account of experiments carried out on tubes in 1921. 
They had a three-fold object in view: (a) The checking of the 
general theory of the process of autofrettage, (b) the detailed study 
of the process of deformation in the two methods of effecting auto- 
frettage (with, and without, longitudinal tension), and (c) the 
investigation of the process of rupture. The paper is accompanied 
by an appendix, by A. Ourbak, giving details of a macro- and 
micro-graphic examination of the deformed tubes. 

The Upper and Lower Yield Points and the Breaking Strain. 
G. Welter. (Metallurgia, 1936, vol. 13, Apr., pp. 183-187). The 
author has made a study of the behaviour of test-pieces during 
tensile testing, with special reference to the conceptions of the upper 
and lower yield points. He divides the machines into three classes, 
namely, (1) machines with a positively-rigid loading device (which 
includes the usual types of tensile testing machines), (2) machines 
with a positively-flexible loading device, (3) machines with free 
loading. The author then discusses the behaviour of the standard 
type of machine with respect to the speed of deformation. The 
latter is shown to fluctuate violently within the region of the upper 
and lower yield points; similar tests on a directly loaded instrument 
revealed no such severe fluctuations. The transmission ratio (i.e., 
the ratio between the movement of the clamping head and that of 
the deflection registered on the diagram) is high with positively 
loaded instruments but low with directly-loaded machines; the 
latter therefore give a better indication of the true properties of 
the material. By means of a device permitting the artificial 
simulation of the upper and lower yield points the stress/strain 
diagrams for various types of loading were obtained. It is con- 
cluded that the upper yield point is contingent on the method of 
testing, and is not a characteristic of the material itself. (See 
Journ. I. and §.1., 1936, No. I., pp. 83 4 and 195 ). 

Calculation of the Elongation at Fracture determined in the 
Tensile Test to other Test Lengths. W. Kuntze, F. Uebel, and F. 
Gentner. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Apr., 
pp. 509-523). As is well known, the value of the elongation at 
fracture in the tensile test is dependent on the test length, because 
it is made up of the uniform elongation along the entire specimen 
plus the elongation in the region of the reduction of area, which is 











744 PROPERTIES AND TESTS. 


restricted to the cone of fracture. Different test lengths are used 
in different countries, also, shortage of material sometimes requires 
the use of short specimens, so that a method, as simple as possible, 
of calculating the results obtained with a given test length to a 
different length is a practical necessity. In this paper, each of the 
authors proposes a method by which this calculation can be made. 

Investigations on the Evolution of Heat in the Tensile Test with 
Steel Specimens. H. Esser, H. Cornelius, and W. Banck. (Archiv 
fiir das Eisenhiittenwesen, 1936, vol. 9, Apr., pp. 529-533). For 
the determination of the heat evolved in the tensile test a flow 
calorimeter with which heat quantities of less than 1 cal. could be 
measured with an accuracy exceeding 99° was developed; the 
construction, mode of operation, and standardisation are described 
in detail. The heat evolutions measured during the elastic deforma- 
tion of an unalloyed steel agreed well with values given in the 
literature. The heat evolved during the plastic deformation of 
unalloyed, of austenitic, and of ferritic steels was measured. The 
proportion of latent heat (determined from the heat evolved and 
the heat equivalent of the applied work of deformation) increased 
with rising carbon content. Raising the chromium content reduced 
the latent heat more in ferritic steels than in austenitic steels. 
Increasing nickel contents increased the proportion of latent heat, 
more so in austenitic than in ferritic steels. No definite influence 
of heat treatment nor any regular relation to the work-hardening 
could be observed. The liberation of latent heat commenced above 
the elastic limit, reached a maximum just above the yield point, and 
disappeared before the commencement of the reduction of area. 

Theory of Metallic Crystal Aggregates. C.G. Maier. (American 
Institute of Mining and Metallurgical Engineers, 1936, Technical 
Publication No. 701; Metals Technology, 1936, vol. 3, Apr.). This 
paper is in three parts. Part I. is a study of the density and energy 
changes in cold-worked copper. In Part II. a similar study, on 
the density, coercive force, and energy changes in cold-worked 
iron, is reported. The results are applied to a general theory of 
metallic crystal aggregates in Part Il]. The observed changes are 
shown to be functional rather than random; they appear to be 
consistent to some extent with the available data on lattice dis- 
tortion. Lattice distortion would seem to be the result rather 
than the cause of the changes taking place in the deformation of 
metallic crystals, and X-ray and density measurements can be 
explained only by the existence in metallic crystal aggregates of 
material of density higher than normal, presumably located in the 
zones of the intercrystalline boundaries and having the nature, 
in part, of an adsorbed film. This explanation is termed the 
“* idemsorption hypothesis.” 

On the Internal Stress in Steel Caused by Dissolved Hydrogen 
Gas. K. Honda and T. Hirone. (Kinzoku No Kenkyu, 1936, 
vol. 13, Apr. 20, pp. 121-126). The internal stresses in metal 
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caused by the evolution of dissolved diatomic gas into small fissures 
present in the block of metal during cooling are calculated. It is 
found that the amount of the said stress increases with the fall in 
temperature (reaching a maximum at 300-100° C.), then diminishes 
linearly, and vanishes at the absolute zero of temperature. Shenck’s 
hydrogen theory of the formation of flakes in steel is criticised, and 
some recommendations upon the prevention of flakes are given, 
based on the present authors’ own theory. 

Accidental Breakages of Rails. Caases and Remedies. J. 
Merklen and E. Vallot. (Génie Civil, 1936, vol. 108, May 9, pp. 
447-448). The authors suggest the use of a semi-hard steel (tensile 
strength, 54-64 kg. per sq. mm.; elastic limit, 36 kg. per sq. mm. ; 
minimum impact resistance, 8 kg. m. per sq. cm. in the direction of 
roiling) for use in making rails, and discuss its suitability from the 
point of view of toughness, homogeneity, segregation, piping, 
wear resistance, and the need for heat treatment. 

International Statistics on Rail Breakages in the Years 1933/34. 
(Monatsschrift der Internationalen Eisenbahn-Kongress-Vereini- 
gung, Dec., 1935 (German edition), Jan., 1936 (French edition) : 
Stahl und Eisen, 1936, vol. 56, Apr. 23, pp. 495-496). Data from 
nearly all the railways in the world regarding rail breakages in the 
years 1933 and 1934 (their number, their proportion per 1000 km., 
the number of train-miles run, their positions on curves or on the 
straight, the age of the rails, &c.) are collected in 63 tables. 

German Hardness-Testing Machines and Appliances. G. Richter. 
(Engineering Progress, 1936, vol. 17, Apr., pp. 81-86). Repre- 
sentative hardness-testing machines of German manufacture are 
described. They include Brinell-Rockwell (Briro) machines (manu- 
ally and electrically operated) suitable for use under various 
conditions, and dynamic testers of the scleroscope type. 

The Determination of the Resistance to Wear as a Problem of 
Materials Testing. H. Meyer. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 9, Apr., pp. 501-508). Wear resistance is not characteristic 
of the material, but is dependent on the mode of “ attack” in 
question. In collecting data on the wear of steels it would be 
erroneous, therefore, to select the results of individual testing 
methods with precisely defined test conditions as a basis of com- 
parison by which to judge the steels, and such tests would be still 
less suited for the purpose of acceptance tests. For the correct 
application of wear-testing methods to practical processes of wear, 
exact knowledge of the action of the wear process concerned is 
essential ; here the analysis of the testing method and the determina- 
tion of the effect of changes in the test conditions are determinative. 
It is therefore preferable to group the various wear tests, not so much 
according to their experimental arrangement, but according to their 
mode of action; the principal groups will be those test procedures 
involving metallic, oxide, and partly-metallic, partly-oxidic wear. 
On the basis of classification according to the particular modes of 
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action of the wear processes, conclusions may be drawn regarding 
other properties of the material, in particular, the cold-harden- 
ability, the structure, and the hardness. 

Influence of the Surface Layers on the Magnitude of Friction. 
S. Werncke. (Dissertation, Technische Hochschule Dresden, 1934 : 
Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, Apr. 11, 
pp. 455-456). The results of tests to determine the influence of 
surface conditions on the magnitude of the coefficient of dry friction 
are recorded. Balls of glass and steel (also copper) were used in 
contact with surfaces of glass or steel, of which the degree of surface 
“ polish ”’ was varied by using different methods of cleaning. In 
other tests the specimens were heated to various temperatures in 
order to remove the layers of condensed gases and moisture normally 
present on the surfaces, and further experiments were carried out 
in vacuo. The results are presented graphically and discussed. 

Interaction of Atmospheric Nitrogen during the Erosion of Steel 
Parts Rubbing against One Another and in Fatigue Fracture. H. 
Schottky and H. Hiltenkamp. (Stahl und Eisen, 1936, vol. 56, 
Apr. 9, pp. 444-446). Heavy local rubbing of steel parts on one 
another, which causes erosion, also leads to the entry of atmospheric 
nitrogen into the steel. By metallographic and analytical means, a 
local enrichment of nitrogen in damaged articles could be detected. 
Under alternating stresses, fissures originated from the crushed and 
nitrogen-embrittled surfaces, and these could give rise to fatigue 
fractures. 

Development of Magnetic Alloys in Japan. M. Yamaguchi. 
(Japan Nickel Review, 1936, vol. 4, Apr., pp. 319-327). The 
development of magnetic and non-magnetic alloys in Japan is 
reviewed. 

Strength Properties of Steels at Raised Temperatures. M. Ros 
and A. Eichinger. (Seventh International Congress on Mining, 
Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, Metal- 
lurgical Section, vol. 1, pp. 441-450 : Revue de Métallurgie, Mémoires, 
1936, vol. 33, Apr., pp. 221-230). The authors present a general 
discussion of the mechanical properties of carbon steels at raised 
temperatures, particularly creep; the effect of the temperature on 
the microstructure is mentioned. The behaviour of cast iron and 
tool steels at raised temperatures is also referred to. 

Alloys Tough and Rustless at Raised Temperatures. P. 
Chevenard. (Chaleur et Industrie, 1936, vol. 17, Apr., pp. 125- 
137). In the first part of the paper the author discusses alloy 
steels which retain their mechanical properties at raised tempera- 
tures; he describes an extensometer for measuring the creep of 
specimens, and groups the alloys into four categories: (a) Steels 
with delayed tempering, (b) complex solid solutions, (c) definite 
compounds which are stable and hard, and (d) alloys which undergo 
structural hardening. The second part of the paper deals with 
alloys which resist corrosion at raised temperatures. After touching 
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on the laws of uniform corrosion, he describes the recording of 
oxidation/time curves by means of the thermo-balance; the move- 
ment of the balance beam is communicated to one corner of a 
triangular plate, rotating about one angle (a right angle), carrying 
a mirror; the other angle is moved slowly by clockwork; as a 
result the ray of light reflected from the mirror traces a path built 
up of the change of weight (oxidation) and the time components. 
The author next discusses the mechanism of the fissurating corrosion 
of austenitic rustless alloys, and describes an arrangement by which 
the specimen is automatically heated and quenched repeatedly in 
order to develop the corrosion fissures. Finally he touches briefly 
on the alloys which resist corrosion at raised temperatures— 
namely, (a) ferritic alloys, (b) alloy cast irons, and (c) ferro-nickels 
containing chromium—and the conditions for their use. 

The Problem of Gases in Metals. G. Chaudron. (Chimie et 
Industrie, 1936, vol. 35, Apr., pp. 759-767). The gases “ fixed ” 
in metals can be divided into three groups: (a). Gases retained by 
physical adsorption; (b) gases occluded mechanically; and (c) 
gases in combination. In many cases the combination appears to 
form an interstitial solid solution. Measurements of the solubility, 
diffusion, and dissociation of metal-gas systems indicate the chemical 
process of fixation. A new method of degassing metals in a high 
vacuum under a high-tension discharge is described; by its means 
unexpected results have been obtained, and it would seem likely 
that some conclusions previously reached may need revision. 

High-Duty Cast Irons. C. Buchet. (Mémorial de 1|’Artillerie 
Francaise, 1936, vol. 15, Part 1, pp. 93-112). Developments in 
cast irons have confronted munition makers with the question 
whether, as a result of recent progress, the wall-thickness of various 
projectiles as delivered from the foundry may not be reduced. 
This is entirely a question of mechanical strength, and the author 
examines the developments which have occurred from this point 
of view, under the following headings: The various methods of 
improving the mechanical properties of cast irons; the choice of 
a method; the constituents in cast iron, pearlitic cast iron; the 
various ways of cooling cast iron; factors governing the production 
of pearlitic cast iron; the pearlitic range of cast irons; the conditions 
for the production of high-duty cast irons; manufacturing methods 
proposed industrially ; the production of high-duty cast iron in the 
cupola. The author concludes that it would be logical to consider 
the reduction of the wall-thickness of projectiles made of high- 
duty cast iron, not so much because of the greater strength as 
because of the increased homogeneity introduced by pearlitic cast 
iron, which should result in a lower factor of safety; nevertheless, 
at the moment it would be premature to adopt such modifications, 
because the manufacture of pearlitic cast iron must be carried out 
with precision, and the author considers that only a few foundries 
are capable of meeting the new conditions with certainty. 
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High-Duty Cast Irons. Malleable Cast Irons. A. Portevin. 
(Mémorial de |’Artillerie Francaise, 1936, vol. 15, Part 1, pp. 55- 
72). After a general survey of the properties of cast iron, the author 
gives consideration to the characteristics of high-duty cast iron and 
malleable cast iron; in conclusion he touches on the possible use 
of these materials in the manufacture of artillery shells. 

Introduction of Nickel Cast Iron in Japan. K.Tawara. (Japan 
Nickel Review, 1936, vol. 4, Apr., pp. 282-290). Nickel cast irons 
of the wear-, corrosion-, heat-resisting, and non-magnetic types are 
described. 

The Relative Values of White and Black Heart Malleable Castings 
to Production and Service. W. West. (Journal of the Institution 
of Production Engineers, 1936, vol. 15, Apr., pp. 174-180). The 
author commences by explaining, in an elementary way, the nature 
of malleable iron and the difference between the blackheart and 
whiteheart varieties. He then goes on to consider the relative 
machinability, strength, resistance to fatigue and wear, of each 
type of iron. 

The Influence of Rolling on the Strength Properties of ~— 
Steels. J. Brainin and K. Baranow. (Stal, 1935, vol. p. 
73-81: Stahl und Eisen, 1936, vol. 56, Apr. 23, pp. 499490) 
The results of tests to determine the effect of the degree of hot- 
rolling on the tensile strength, yield point, elongation, reduction 
of area, and notch toughness in relation to the primary structure 
are recorded. The experiments were made on two basic open- 
hearth steels containing approximately carbon 0-5%, silicon 0-34%, 
manganese 0)-75°%, and sulphur 0-035% ; but whereas one contained 
0-025% of phosphorus, the other contained 0-050%, which led to 
considerable differences in the dendritic segregation. 

What Steel is Best for this or that Part? W.H.Graves. (Metal 
Progress, 1936, vol. 29, Apr., pp. 36-42). The author discusses the 
factors which govern the choice of steels for various automobile 
engine and transmission gear parts. 

Stainless Steels. E. C. Rollason. (Welder, 1935, vol. 7, Nov., 
pp. 760-764; 1936, vol. 8, Feb., pp. 843-847; Mar., pp. 885-889: 
Apr., pp. 917-922). The constitution and properties of stainless 
steels are described, with special reference to welding. 

Development of Stainless Steels in Japan. B. Katsura. (Japan 
Nickel Review, 1936, vol. 4, Apr., pp. 261-270). An account of 
the types of stainless steel made in Japan is presented. 

Electric Heat-Resisting Alloysin Japan. Y.Matsunaga. (Japan 
Nickel Review, 1936, vol. 4, Apr., pp. 300-310). The author 
reviews the properties and applications of nickel-chromium and 
nickel-chromium-iron alloys used for electric heating elements in 
Japan. 

Use of Nickel Alloy Steel in Machine Building in Japan. M. 
Kamo. (Japan Nickel Review, 1936, vol. 4, Apr., pp. 271-281). 
An outline is given of the application of nickel alloy steels to the 
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aircraft, automobile, locomotive, and power generation industries 
in Japan. 

Wire Ropes Research in Relation to Colliery Practice. M. A. 
Hogan. (Midland Institute of Mining Engineers, Apr. 2, 1936: 
Iron and Coal Trades Review, 1936, vol. 132, Apr. 10, pp. 665- 
666). The author examines the factors responsible for deterioration 
and failure in colliery ropes. He first considers the effects of internal 
and external wear, fatigue (especially corrosion-fatigue), and kinetic 
stress, and then discusses the factors of safety to be employed, 
inspection and mechanical tests. 

Choosing a Composition for Low-Alloy High-Strength Steel. 
S. Epstein, J. H. Nead, and J. W. Halley. (American Institute of 
Mining and Metallurgical Engineers, 1936, Technical Publication 
No. 697; Metals Technology, 1936, vol.3, Apr.). The chief properties 
desirable in a low-alloy high-strength steel are a yield strength of 
about 60,000 Ib. per sq. in., formability closely approaching that of 
plain carbon structural steel, good weldability, and atmospheric 
corrosion resistance superior to ordinary carbon steel. As a 
criterion of formability or merit factor the elastic ratio, yield 
strength/tensile strength, may be used. The authors examined 
the effect of various elements on the above-mentioned properties, 
and particularly the elastic ratio, of low-alloy steels. On the basis 
of this examination they selected an alloy of the following com- 
position : Carbon 0:10% max.; manganese 0-50% ; silicon 0-15% ; 
copper 1-00%; nickel 0-5%; phosphorus 0-12%; the results of 
mechanical tests on commercial sheet of the selected composition are 
given; they are also compared with those obtained from a similar 
steel containing chromium, a copper-nickel-chromium steel, a plain 
carbon steel, and a copper-bearing steel. The selected composition 
exhibited high impact resistance at atmospheric and sub-zero 
temperatures, even after age-hardening. Fatigue tests revealed 
it to have a high endurance ratio. The weldability was good; the 
impact resistance of the welds was high, and air-hardening was 
only slight. 

Low-Alloy High Yield-Strength Structural Steels. (Metals and 
Alloys, 1936, vol. 7, Mar., pp. 77-84). On the basis of three recent 
papers dealing with the properties of low-alloy high yield-strength 
steels, a summary of the chief characteristics of the various low- 
alloy steels of this type is presented. 

Tube Steels for the Mineral Oil Industry. K. Bischoff. (Stahl 
und Eisen, 1936, vol. 56, Apr. 2, pp. 418-420). The tube steels 
used in the oil industry and their properties are reviewed. 

Cast Cam- and Crank-Shafts. H. Cornelius and F. Bollenrath. 
(Giesserei, 1936, vol. 23, May 8, pp. 229-236). The authors review 
the reasons, both economic and constructional, which have led to 
the replacement of forged cam- and crank-shafts in automobile 
construction by cast parts. They summarise the mechanical 
properties of the metals (both ferrous and non-ferrous) used, and 
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give an account of experiences gained with cast cam- and crank- 
shafts. 

Composition and Treatment of Iron and Steel Melting Pots. 
E. R. Thews. (Iron and Steel Industry, 1936, vol. 9, Apr., pp. 
249-252). The materials used for pots in which zinc, aluminium, 
and lead are melted are critically discussed. It is pointed out 
that the grey-iron pots suitable for melting aluminium are un- 
satisfactory for use with zinc; steel pots, on the other hand, while 
resistant to zine melts, are rapidly corroded by aluminium. In 
both cases the retention of the original casting skin prolongs the 
life of the pots. Good results may also be obtained by applying 
and burning-in a coating of aluminium paint. Alloy steel con- 
taining 3-4% of nickel and chromium is a satisfactory material for 
lead pots. 

Powder Metallurgy. Notes on the New Art. C. Hardy. (Metal 
Progress, 1936, vol. 29, Apr., pp. 63-67). An outline is given of 
the processes used in the production of metallic or semi-metallie 
substances by the hot or cold compression of powdered metallic 
(and non-metallic) materials. The points touched on include the 
nature of the powder used, the density of the product, the technique 
of compressing the powder, and sintering the formed material. 
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(Continued from pp. 45 a—46 A) 
Foundry Products Through the Microscope. E. B. Ellis. 


(Institute of British Foundrymen: Foundry Trade Journal, 1936, 
vol. 54, Apr. 23, pp. 319-322). The technique of the microscopic 
examination of foundry products is described, and the metallo- 
graphical importance of the constituents recognisable under the 
microscope is indicated. 

Nitrogen Absorption during the Polishing of Soft Iron. H. J. 
Wiester. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Apr., 
pp. 525-527). By means of annealing tests and micro-analytical 
determinations of nitrogen, the author has been able to show that 
the microstructural features observed on insufficiently polished 
micro-specimens of soft iron are due, not only to the crushing of the 
surface layer, but also to the absorption of atmospheric nitrogen 
in the outermost layers during the polishing process. 

Protection against Injury by Radiation in the Examination of 
Materials by Means of Mesothorium and Radium. W. Friedrich and 
W. Noethling. (Zeitschrift des Vereines deutscher Ingenieure, 
1936, vol. 80, Apr. 11, pp. 437-440). The increasing use of y-rays 
for the examination of materials brings with it the very important 
problem of the protection of the operators from the injurious effects 
of the radiation. With small “doses ’”’ of radiation a long period 
elapses before any ill effects are noticed, and then it is too late to 
apply remedies. The most effective protection consists in remaining 
as far away as possible from the source of the radiation, and in 
reducing the time spent close to the source to the shortest possible. 

Weight Reductions Emphasise Benefits of Radiographic Casting 
Exploration. E. B. Perry. (iron Age, 1936, vol. 137, Apr. 30, 
pp- 33-36). A brief outline of the application of X-rays and y- 
rays to the examination of difficult castings is presented. 

On the Formation of the Stable Tungsten Carbide WC in Tungsten 
Steel. G. Kojima. (Kinzoku No Kenkyu, 1936, vol. 13, Apr. 20, 
pp. 127-141). The effects of annealing, and of added elements 
such as nickel, chromium, manganese, silicon, and cobalt, on the 
formation of the stable carbide, WC, were investigated by measuring 
the Rockwell hardness of quenched tungsten steels which had been 
annealed at several temperatures and for different periods. The 
most favourable annealing temperature was found to be 900° C., 
but by heating to 1000° C. for a few minutes the steel can be restored 
to its original state. The formation of the stable carbide due to 
annealing is markedly retarded by the addition of less than 2°%, of 
nickel, manganese, or silicon, but cobalt, or manganese in excess of 
2% promote its formation. The change in the transformation 
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point due to the formation of the stable carbide was also studied 
by the differential dilatometer, and was observed to rise slightly 
after annealing. 

Ferrite Banding in Forged and Rolled Steel. A. V. Prohoroff. 
(Metallurgia, 1936, vol. 13, Apr., pp. 179-181). After giving a 
brief account of banding in hot-worked steel the author reviews 
the existing theories on the origin of ferrite banding and describes 
simple experiments which show that this defect is caused by the 
non-uniform distribution of silicon, manganese, nickel, and other 
elements capable of dendritic segregation. The banding is due to 
carbon rediffusion on slow cooling through the critical range to 
areas rich or poor in segregates, according to effect of the segregating 
elements on the critical points of steel. It is suggested that ferrite 
banding may be prevented and the directional effect of primary 
banding on the physical properties reduced by balancing the com- 
position of the steel so that the segregating alloying elements exert 
a mutually nullifying influence on the direction of carbon rediffusion. 

On the Two-Stage Transformation in Iron and Steel. K.'Tamaru. 
(Kinzoku No Kenkyu, 1936, vol. 13, Apr. 20, pp. 156-160). The 
transformations in iron and steel were studied by X-ray and thermal 
analysis. When specimens were examined in a nitrogen atmosphere 
no abnormal changes were observed, but when heated in hydrogen 
for over 1 hr. at 900—1000° C. a small abnormal heat absorption at 
680° on heating, and an evolution of heat at 890° on cooling, in 
addition to the normal transformations, were observed. If the 
specimens were heated in a high vacuum at 1150° for 4 hr. the 
hydrogen and abnormalities were removed. X-ray analysis 
revealed that the specimens treated in hydrogen gave broader 
diffraction lines than those not treated. It is concluded that the 
intrusion of hydrogen atoms into the iron lattice gives rise to a 
stress and an accompanying thermal effect. 

Study of the Iron-Carbon System. Pennanéach. (Arts et 
Métiers, 1936, vol. 89, Apr., pp. 75-81). The author presents a 
study of the iron-carbon system. He first gives consideration to 
the transformation points, and then deals with the constituents of 
steels and cast irons and their equilibrium diagrams; next he 
discusses the influence of heat treatment on the structure of the 
material and of the rate of cooling on the position of the transforma- 
tion points, and finally he touches briefly on the effect of alloy 
additions on the equilibrium diagram. 
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(Continued from pp. 47 A-50 A) 


Organic Inhibitors of Corrosion. C. A. Mann. (Electrochemical 
Society, Apr. 1936, Preprint 69-33). A theory is presented which 
explains the mechanism of inhibitor action for organic inhibitors in 
the acid corrosion of steel. Organic inhibitors containing nitrogen, 
oxygen, or sulphur are considered. Aliphatic amines, aromatic 
amines and heterocyclic nitrogen-containing compounds, aliphatic 
and aromatic ketones, and a sulphur-containing inhibitor were 
investigated. All these form readily ionisable -onium compounds. 
The length, number, and position of aliphatic radicals on rings, and 
particularly their stereochemical arrangement, determines the 
effectiveness of inhibition as well as the quantity of inhibitor 
required for good protection. 

The Drop Test. U.R. Evans. (Seventh International Congress 
on Mining, Metallurgy, and Applied Geology, Paris, Oct. 20-26, 
1935, Metallurgical Section, vol. 1, pp. 419-422: Revue de Métal- 
lurgie, Mémoires, 1936, vol. 33, Apr., pp. 217-220). The author 
gives a brief account of the drop test for examining the corrosion 
of metals, the scratch-line method of carrying out this test, and the 
use of the drop test for observing the inhibiting power of a pigment. 

Orientation of Oxide Films on Iron. R. F. Mehl and E. L. 
McCandless. (Nature, 1936, vol. 137, Apr. 25, p. 702). The 
authors have studied the orientation of the oxide layers present on 
iron. In the X-ray photograms of the FeO films on single crystals 
of iron some reflections were identified as coming from Fe,0O,, 
resulting from the partial decomposition of the wiistite phase. 
The pattern showed that this Fe,0, was identically orientated with 
the FeO. The same orientation relationship held when an FeO 
film was grown by reduction on a large natural crystal of magnetite. 
The authors discuss the significance of this. 

Corrosion of Metals by Oils. J. Dintilhac. (Métaux, 1936, 
vol. 11, Apr., pp. 71-90). The author records the results of corrosion 
tests of long duration carried out in several oils (pure mineral oil, 
castor oil, a proprietary oil) in various conditions (fresh, used, dry, 
moist, &c.); the specimens included nickel-chromium and _ nickel 
steels and non-ferrous metals used in the construction of automobile 
engines. The specimens were submitted to attack individually and 
in pairs forming “ couples.” Micrographs of the attack produced 
are reproduced. It appears that the attack by dry oils is very 
slight, but that by moist oils is greater; in the latter case the 
organic acidity of the oil is much more active. The attack on the 
steels by oils resembles that of acid reagents. 
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The Corrosion of Tin and Tin-Coated Materials with the Formation 
of Black Spots. S. Brennert. (Korrosion und Metallschutz, 1936, 
vol. 12, Mar., pp. 46-49). The author discusses the corrosion of 
tin surfaces with the formation of black spots, in both anodic and 
cathodic conditions, and concludes by touching on methods of 
minimising the corrosion. 

Determination of the Corrosion Behaviour of Painted Iron and 
the Inhibitive Action of Paints. KR. M. Burns and H. E. Haring. 
(Electrochemical Society, Apr. 1936, Preprint 69-30). The authors 
have determined the corrosion behaviour of painted iron and the 
mechanism of the inhibitive action of paints with the aid of the 
vacuum tube electrometer. Red oxide (Fe,0;,) and red lead 
(Pb,0,) were studied both as pigments and primers. The results 
confirmed the conclusions established by practical experience, 
viz., that the corrosion-inhibitive action of red oxide primer is purely 
physical, while that of red lead is essentially chemical. Both types 
of paint may maintain iron in the passive condition; the former by 
keeping the iron dry, the latter by rendering it chemically passive. 

The Influence of Temperature on the Severity of Corrosion 
Fatigue. A. J. Gould. (Engineering, 1936, vol. 141, May 8, pp. 
495-496). Details are given of some experiments on the effect of 
temperature on the severity of corrosion fatigue. A Haigh-Robert- 
son fatigue testing machine was employed, the corrosive medium 
being sea water; the material used was high-quality mild steel 
wire. An increase in temperature was found to decrease the 
fatigue resistance appreciably. 

Acid Solubility and Corrosion Behaviour of Unalloyed Structural 
Steels. K. Daeves and F. Eisenstecken. (Stahl und Eisen, 1936, 
vol. 56, Apr. 2, pp. 417-418). Several official authorities in France 
estimate the corrosion resistance of unalloyed structural steels 
from their behaviour under acid attack under strictly controlled 
conditions. The present authors present the results of their tests 
made to check the method. They conclude that the acid solubility 
of a steel is no criterion of its behaviour in regard to atmospheric 
corrosion. 

Experiments on the Erosion of Materials by Cavitation. H. 
Schréter. (Zeitschrift des Vereines deutscher Ingenieure, 1936, 
vol. 80, Apr. 18, pp. 479-480). The author has carried out many 
experiments on the destruction of materials, both metallic and non- 
metallic, by the effects of cavitation, and these have largely been 
published already. In the present article the author adds a few 
supplementary remarks on the general question of cavitation. 
Regarding steels, tests on high-duty alloy steels showed that the 
resistance to cavitation was largely dependent on the Brinell 
hardness; owing to the mode of action of cavitation it is probable 
that the softer microconstituents in the structure are attacked first. 
The degree of damage was also dependent on the mechanical pre- 
treatment—for instance, cold-working—of the metal. 
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Recent Analytical Processes in the Iron and Steel Works 
Laboratory. G. Thanheiser. (Angewandte Chemie, 1936, vol. 49, 
May 9, pp. 291-297). Under the headings potentiometric methods, 
spectro-analytical methods, the use of organic precipitants, and 
inorganic methods of analysis, the author presents a review of the 
new analytical methods of use in the iron and steel works laboratory 
that have been published since 1932. He concludes with a reference 
to reports of the Chemical Committee of the Verein deutscher 
Eisenhiittenleute on cognate subjects. 

The Determination of Arsenic in Steel, Cast Iron, and Ores. 
A. Stadeler. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, 
Mar., pp. 423-432). This is a report of the Chemical Committee 
of the Verein deutscher Eisenhiittenleute. The methods given in 
the literature for the estimation of arsenic in steel, cast iron and ores, 
by solution, distillation, and determination of the arsenic in the 
distillate, have been examined critically. The processes usually 
employed in metallurgical laboratories—solution in bromine water 
or nitric acid—were found to be the most suitable; there was no 
danger of losses of arsenic by volatilisation. For ores in which the 
arsenic already exists in the oxidised form, solution in hydrochloric 
acid, without or with bromine, is recommended. The arsenic in 
the distillate can be estimated gravimetrically (as arsenic trisulphide, 
ammonium magnesium arsenate or magnesium pyroarsenate) or 
volumetrically (by the iodometric and bromometric method). All 
these processes give accurate results. The only interfering element 
is antimony when present in large amounts; in this case the dis- 
tillation temperature must be kept below 110° C. When certain 
special elements are present, residues may remain in the solution 
flask, which may contain arsenic; they must be decomposed and 
examined for arsenic. 

Quantitative Estimation of Chromium and Tungsten in Chromium- 
Tungsten Steels. L. Stahl and F. Bischof. (Archiv fiir das Eisen- 
hiittenwesen, 1936, vol. 9, Apr., pp. 499-500). A rapid method for 
estimating chromium and tungsten quantitatively in chromium- 
tungsten steels, from a single weighed quantity is described; a 
special piece of apparatus for dissolving the metal and filtering the 
solution produced is used. The applicability of the method is 
demonstrated by a comparison of the results obtained with it and 
with the benzidine method. 

The Potentiometric Estimation of Cobalt and Manganese in 
Steels and Alloys with Potassium Ferricyanide. P. Dickens and G. 
Maassen. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Apr., 
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pp. 487-498). A new volumetric method for the potentiometric 
estimation of cobalt in an ammoniacal ammonium-citrate solution 
by oxidation with potassium ferricyanide is described. The 
oxidation proceeds thus : 

1 Co” + 1 Ferricyanide’’’ —-+> 1 Co’ + 1 Ferrocyanide’’”’. 


Titration is effected without exclusion of the air. Potassium 
ferricyanide can be estimated by a simple titration with cobalt 
nitrate solution. The numerous difficulties in the application of the 
method to steels, due to the effects of iron, chromium, and vanadium, 
have been overcome; the method can be used in the presence of 
unlimited quantities of nickel. 

In the same type of solution, manganese can be oxidised by 
potassium ferricyanide, thus : 


1 Mn” + 1 Ferricyanide’’” —> 1 Mn*" +- 1 Ferrocyanide’”’”’, 


and a method for estimating manganese potentiometrically, based 
on this reaction, has been developed. When cobalt and manganese 
are present together, their sum is determined. The conditions 
requisite for the estimation of manganese in cobalt-free steels and 
of the sum cobalt + manganese in plain and alloy steels, using 
perchloric acid in acid solution as an oxidiser during the preparation 
of the solutions for titration, are given in a set of working instructions. 

Determination of Phosphorus in Stainless Steels. C. D. Susano 
and J. H. Barnett, jun. (Industrial and Engineering Chemistry, 
Analytical Edition, 1936, vol. 8, May 15, pp. 183-184). A method 
of determining the phosphorus contents of difficultly soluble steels, 
such as stainless steels, is described, in which the sample is dis- 
solved in 60% perchloric acid which is then boiled before subjecting 
it to normal analytical procedures. 

Determination of Selenium in 18-8 Stainless Steels. G. G. 
Marvin and W.C.Schumb. (Industrial and Engineering Chemistry, 
Analytical Edition, 1936, vol. 8, Mar. 15, pp. 109-110). Hitherto 
the method used for estimating selenium in stainless steel—a 
gravimetric method involving the volatilisation of the selenium— 
has been uncertain. The authors describe an improved method 
which is as follows : The sample is dissolved in perchloric acid, and 
filtered; the precipitated selenium is dissolved in nitric acid and 
titrated iodometrically. Any selenium evolved as_ hydrogen 
selenide is caught by a glass-wool plug moistened with nitric acid. 
The method is stated to be rapid and accurate. 

Gravimetric Determination of Selenium in Alloy Steel. L. Silver- 
man. (Industrial and Engineering Chemistry, Analytical Edition, 
1936, vol. 8, Mar. 15, pp. 132-133). An application of the copper 
chloride solution method to the estimation of selenium in steels is 
described. The usual method of attack is by 1:1 hydrochloric 
and nitric acids; in the present method copper chloride is em- 
ployed. When the sample is fully dissolved the solution is filtered, 
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and the filtrate treated with zinc-oxide/nitric-acid solution and 
perchloric acid. The silica is filtered off and the selenium pre- 
cipitated by sulphurous acid in hydrochloric acid solution; it is 
estimated gravimetrically by volatilisation. 

Determination of Selenium in Steel. W. C. Coleman and C. R. 
McCrosky. (Industrial and Engineering Chemistry, Analytical 
Edition, 1936, vol. 8, May 15, pp. 196- 197). A modification of the 
Norris and Fay method ‘is desc ribed, in which the steel sample is 
dissolved in hydrochloric acid, the hy drogen selenide evolved being 
absorbed by a solution of iodine in potassium iodide ; the selenium 
precipitated in this way is added to that in the hydrochloric acid and 
filtered. The selenium is converted to selenious acid and titrated 
by the Norris and Fay method. 

The Detection and Colorimetric Determination of Tin by means 
of substituted 1 : 2-Dimercaptobenzenes. A Specific Reagent for Tin. 
R. E. D. Clark. (Analyst, 1936, vol. 61, Apr., pp. 242-245). When 
either 4-methyl-l : 2-dimercaptobenzene or 4-chloro-1 : 2-dimer- 
captobenzene is added to a solution containing traces of tin a 
characteristic red coloration is produced. A little thioglycollic 
acid should be added in order to reduce the tin completely, before 
carrying out the test; under these conditions the test is specific, 
and very sensitive. The method may be readily applied to the 
colorimetric estimation of traces of the metal. 

A New X-Ray Spectrographic Method for the Chemical Analysis 
of Polished Sections. L. von Hamos. (Metallwirtschaft, 1936, 
vol. 15, May 8, pp. 433-436). In the X-ray spectrographic method 
described, a series of monochromatic “ pictures’? is produced 
instead of the usual X-ray “lines.”” These represent congruent 
representations of the polished metallographic section under 
examination. The spectra indicate not only the presence of 
chemical elements, but also their spacial distribution in the section. 
Details are given regarding the positions of the spectral pictures 
to be expected, and some examples of practical results are recorded. 

A Control Chart for the Interpretation of Coal Sampling Data. 
T. W. Guy. (Fuel in Science and Practice, 1936, vol. 15, Apr., 
pp. 100-109). The method of preparing control charts for pre- 
dicting the quality of coal samples is outlined. The statistical 
basis of compiling the charts and interpreting the data is given, 
and examples of the use of the control charts are presented. 

Sampling Vessel for Fine-Grain Settling Classifiers. P. Rzezacz. 
(Gliickauf, 1936, vol. 72, Apr. 11, pp. 358-359). A vessel specially 
designed for the drawing of samples from the settling classifiers 
used in coal-w ashing and the wet preparation of finely -ground ores 
is described and illustrated. 

The Use of Calcium Hydroxide and Sodium Nitrate in the Deter- 
mination of Total Sulphur in Coal. C.H. Young. (Fuel in Science 
and Practice, 1936, vol. 15, Mar., pp. 74-76). The familiar Eschka 
method for the determination of sulphur in coal involves fusion 
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with magnesium oxide and sodium carbonate. This is rather 
expensive, and the present author describes a method in which a 
cheaper flux is used, consisting of slaked lime (3 parts) and sodium 
nitrate (1 part). During fusion the sodium nitrate decomposes, 
with elimination of the nitrogen, which does not therefore interfere 
in the subsequent sulphate determination. The results obtained 
are as good as those found by the Eschka method when the sulphur 
is below 3%; above this amount they are slightly low. 
Determination of Nitric Oxide in Coke-Oven Gas. J. A. Shaw. 
(Industrial and Engineering Chemistry, Analytical Edition, 1936, 
vol. 8, May 15, pp. 162-167). An improved method of determining 
the traces of nitric oxide usually found in coke-oven gas, and the 
procedure used to check this analytical method by adding extremely 
small amounts of coke-oven gas free from nitric oxide are described. 
By its use approximately one-half of the nitric oxide actually in 
the gas is recovered, and estimated colorimetrically. The factor 2 
is applied to the observed value to give the actual content of nitric 
oxide. 
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Apam, A. T. “ Wire-Drawing and the Cold Working of Steel.” 


Second edition: 8vo, pp. 160. Illustrated. London, 1936: 
H. F. & G. Witherby. (Price 35s.) 


The second edition of this work retains essentially the form of the 
first. A certain amount of material has been cut out, however, some 
new matter-has been inserted, and as a result the book is definitely 
better. In his preface to this edition the author says that his intention 
has been to present his subject in such a manner as will be of interest 
not so much to the wire-manufacturer (who will, in fact, find little 
or nothing with which he is not completely familiar) as to the user. 
To the latter he offers a general account of the production and properties 
of wire in the light of his own wide practical experience. The final 
chapter, entitled ‘“‘ Typical Applications of Wire,” but which deals 
actually almost entirely with wire-ropes, is new and worthy of careful 
consideration. 

The main disappointment which will be felt is that the opportunity 
has been missed of including any account of the large amount of most 
valuable research work which has been carried out in Germany during 
the eleven years which have elapsed since the appearance of the first 
edition. This work, which is far less well-known in this country than 
it deserves to be, is hardly mentioned. 

It is difficult to see justification for the very high price charged for 
this book, particularly in view of its poor, thick paper and the lack of 
distinction in its make-up.—F. C. THompson. 


Boyuston, H. M. “ An Introduction to the Metallurgy of Iron and 


Steel.” Second edition. 8vo, pp. xix + 563. Illustrated. 
New York, 1936: John Wiley & Sons, Inc.; London: 
Chapman and Hall, Ltd. (Price 25s.) 


If this book is considered by itself as an introduction to the metal- 
lurgy of iron and steel many omissions and inaccuracies may be dis- 
covered, but when it is compared with other books available in the 
English language it creates a more favourable impression. The 
practical art of iron and steel metallurgy embraces a vast number of 
operations and processes; it is never at a standstill, and it becomes 
more complicated every day. At any given time practice and plant 
vary between one country and another and between one works and 
another. Furthermore, the scientific knowledge bearing on the 
industry and on the properties and uses of its products is accumulating 
at a rapid pace. With some picture of the complexity of the art and 
science in mind it is not difficult to understand the problems that must 
arise in attempting to write an introduction to this subject. Extensive 
knowledge of all aspects of the subject is required in the first place, 
and for the preparation of a satisfactory book this must be combined 
with abundant time to arrange, select, and reject, until, within the 
allotted space, a logical and coherent treatment is achieved. It cannot 
be said that the author has brought extensive knowledge to bear on 
the preparation of this book or devoted abundant time to writing 
it, but he has produced a volume that is moderately up to date in 
many respects, and for this reason compares very favourably with 
existing texts. 
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In view of the field that the volume covers, no purpose would be 
served by commenting on errors and omissions in the details of the 
various chapters, but, accepting the book as an introduction intended 
for students and others, the general arrangement may be considered. 
In this the author has followed the plan of earlier books, the sequence 
of events in history, or the sequence of processes in the industry, 
instead of endeavouring to achieve a logical treatment. If a book is 
an introduction, then it should not suppose that the reader has previous 
knowledge of the subject, and in view of this, understanding of a given 
part should not depend on knowledge of something that comes later 
in the book or is omitted altogether. Beginning with a chapter on 
the historical and economic background of the iron and steel industry, 
the author proceeds to deal with the blast-furnace, the iron-foundry, 
the steel-foundry, wrought iron, steel-making -processes, ingots, 
mechanical treatment, constitution and structure, and finally heat 
treatment. It is, of course, quite logical to deal with the processes 
in the order in which they are carried out, but surely the significance 
of all the operations, and particularly ingot making and mechanical 
treatment, would be much more easily appreciated if solidification, 
the growth of crystals, crystal refinement by deformation, strain- 
hardening, and the constitution and structure of iron-carbon alloys 
were dealt with properly at the beginning.—J. M. RosBrertson. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. ‘“ De- 


terioration of Structures of Timber, Metal and Concrete Exposed 
to the Action of Sea-Water.”’ Fifteenth Report of the Com- 
mittee of the Institution of Civil Engineers. Being a general 
description of the experimental work carried out by the 
Committee to date. Edited by 8S. M. Dixon and H. J. Grose. 
8vo, pp. xvi-+ 138. Illustrated. London, 1935: H.M. 
Stationery Office. (Price 12s. 6d.) 


Almost exactly 20 years ago, in July 1916, the Council of the 
Institution of Civil Engineers applied to the Advisory Council of the 
Committee of the Privy Council for Scientific and Industrial Research 
for a grant in aid of a research into the deterioration of structures of 
timber, metal, and concrete, when exposed to the action of sea- 
water in various localities and on methods of protecting such structures. 
The application was granted, and, as a result, since then a Committee 
of the Institution have been engaged in active research on the subject, 
which, together with information received from members of the 
engineering profession as to their practical experience of existing 
structures, has led to the accumulation of much valuable knowledge. 
This information has hitherto been disseminated throughout the initial 
and thirteen subsequent progress Reports of the Committee, who have 
now decided—and rightly so—that the moment is opportune to 
publish in one volume a general survey of their findings to date. They 
have, therefore, embodied these in their Fifteenth Report, which is 
the subject of this review. As already stated, the Committee’s in- 
vestigations extend not only to iron and steel, but also to timber and 
concrete; whilst, for obvious reasons, their work on the first of these 
subjects alone will be considered here, it is quite clear from the Report 
that their investigations in the other two fields are to be ranked as 
equally valuable contributions to knowledge. All those interested 
in these and cognate problems will, therefore, be well advised to procure 
and study a copy of this Report, which, incidentally, is extremely 
well illustrated. 

_ The Committee's researches on iron and steel comprise two main 
investigations :— 


, 
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A. Tests on unprotected bars of fourteen different materials. 
These were exposed at each of four ports, Plymouth, Auckland, Halifax, 
and Colombo, to each of three different types of marine action: atmo- 
spheric exposure, intermittent immersion, and complete immersion, 
respectively. (Various series of subsidiary tests, such as immersion 
in a fresh water reservoir were also undertaken.) 

B. Tests on steel plates, protected by means of paints and other 
coatings, exposed to one or more of the same three types of sea action 
at Southampton or Weston-super-Mare. 

It is probable that the most useful purpose that can be served by 
this review is to give a very short summary of the most important 
conclusions reached by the Committee. In the case of the tests on 
protected bars, these may be stated as follows, the comments in 
parentheses having been added by the writer :-— 

(1) The Committee have obtained quantitative data as to the rates 





eS of corrosion, both as regards general wastage and rate of pitting, for 
ce fourteen varieties of iron and steel, when exposed to sea action under 
ral the conditions stated. These results are based on two separate periods 
n, of exposure, of 5 and 10 years, respectively, and will in due course 
in- be completed by observations on bars exposed for 15 years. 

ys (2) Much greater differences in the rates of corrosion of the individual 


materials were observed in the atmospheric tests than in either type of 
immersion test; in other words, the difference in the performance 


e- of the particular rust-resisting steels tested and of the ordinary 
ed materials was much greater in the atmospheric than in the immersion 
n- tests. 
ral (3) The presence of mill scale on the specimens markedly accentuated 
the tendency to localised corrosion and pitting. 
he (4) The Committee consider that, on the whole, there was little 
se. to choose between the wrought irons and the ordinary mild steels 
M. tested, although the former proved decidedly superior in the complete 
immersion tests and slightly so in the intermittent immersion tests. 
(It should, however, be pointed out that the mill scale was removed 
the from the wrought irons by grinding prior to exposure, and that the 
the researches of the Corrosion Committee of the Iron and Steel Institute 
rch have already shown that the rolling scale on British wrought irons, 
s of as normally produced, plays an important part in increasing their 
ea- resistance to corrosion in the atmosphere. A final decision as to the 
res. relative merits of wrought iron and mild steel under this condition 
itee of exposure should, therefore, be deferred.) 
ect, (5) The addition of small quantities of copper to mild steel, actually 
the 0-6 and 2-2%, respectively, markedly increased the resistance of this 
Ang metal to atmospheric and fresh-water corrosion, although this advantage 
ige. did not appear to be maintained in the immersion tests in sea-water. 
tial (It would appear from results obtained by the Corrosion Committee 
ave of the Iron and Steel Institute that, so far as atmospheric corrosion is 
to concerned, the addition of some 0-2% of copper will give the desired 
hey increase in resistance.) 
h is (6) On the whole, alloy steels containing nickel or chromium gave 
in- increased resistance to corrosion as compared with the lower-grade 
and ferrous materials. 
hese (7) The cast irons tested resisted atmospheric corrosion extremely 
port well, comparing favourably in this respect with the alloy steels tested. 
1 as They also behaved reasonably well in fresh water, but in the immersion 
sted tests in sea-water serious internal corrosion and graphitisation 
cure frequently occurred. 
nely (8) In the immersion tests ordinary mild steel in contact with 
. wrought iron was partially protected at the expense of the latter, and 
nain this was also the case for chromium steel and high-nickel steel in 


contact with ordinary carbon steel. 
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(9) Cold-working of the bars by bending prior to exposure did not 
in general lead to any appreciable increase in their total corrosion. 

Some of the most important conclusions as regards the protection 
of steel structures exposed to marine conditions deduced by the 
Committee from their various series of tests are as follows :— 

(1) Painting on the top of mill-scale was found to be unsatisfactory, 
as compared with painting on steel from which the scale had been 
removed. 

(2) The dilution of 96:5% iron oxide pigment with about 123% of 
kaolin, silica, or mineral white exerted no appreciable effect on the 
protective power of the paint. (It may be noted that in the view of 
several authorities the judicious use of ‘‘ extenders,” if carefully 
chosen on a scientific basis, may actually improve the performance 
of a protective paint.) 

(3) There was little to choose between several varieties of red oxide 
pigments tried. 

(4) Red and white lead paints proved rather superior to iron oxide 
paint in the atmospheric and intermittent immersion tests, but some- 
what inferior in the complete immersion tests. (As regards atmo- 
spheric exposure, this conclusion is in general agreement with experience, 
since, in the best practice, red lead is usually specified as an undercoat 
for steelwork exposed to the atmosphere. It is also interesting to 
note that the use of red lead primers for structures immersed in sea- 
water is by no means so general; for example, considerable divergence 
of procedure occurs as regards the priming of ships’ hulls.) 

(5) Galvanising proved very successful with a coating of zinc of 
about 2 ounces per square yard. 

(6) Coal-tar gave excellent results and proved, under all circum- 
stances, much better than iron oxide and lead paints. Coal-tar from 
horizontal retorts was superior to that from vertical retorts, whether 
applied hot or cold. It was improved by the addition of slaked lime. 

It is probable that, with a few minor reservations, most of the 
conclusions stated above may be generally accepted, since they agree 
with the findings of other investigators. The Committee are to be 
congratulated on their extensive and careful researches, which have 
materially increased our knowledge of the subject. It is fitting to 
add that the specimens required for their tests on iron and steel were 
prepared with the advice and under the direction of Sir Robert Hadfield, 
Bart., F.R.S., whilst the actual examination of the specimens has been 
ably conducted by Dr. J. Newton Friend.—J. C. Hupson. 


GREAVES, H. R. G. ‘“ Raw Materials and International Control.” 


8vo, pp. vii + 166. London, 1936: Methuen and Co., Ltd. 
(Price 5s.) 


This book is designed to help the formulation of a ‘“‘ constructive 
economic policy for government in international trade.” The bulk 
of it is devoted to sketching the recent (mainly post-war) history of 
fifteen important industries, the emphasis being placed on the occur- 
rence of any kind of international organisation or any effort in that 
direction. The concluding chapter suggests how the ‘ powerful 
tendencies towards international control of raw materials and indus- 
tries’ which are thus disclosed might be co-ordinated and subjected 
to political control. 

As an introduction to the case for planning the book is useful. 
The apparently chronic tendency to industrial over-production, the 
dislocation and waste caused by economic nationalism, and the danger 
to peace resulting from the search for security of raw material supplies, 
are all well brought out, and Mr. Greaves’ view that they constitute 
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an unanswerable case for international planning is hard to dispute. 
He is scarcely so successful in his more ambitious concluding task. 
He visualises a hierarchy of committees, some controlling individual 
industries and others, political in origin, to co-ordinate their work. 
These committees would completely separate the control from the 
ownership of capital, but could be introduced without the complete 
socialisation of the industries of all nations. It is comparatively easy 
to plan committees in vacuo and roughly allocate functions; Mr. 
Greaves gives no hint of the principles which should guide the com- 
mittees once set up, and this is the more vital problem. For instance, 
the difficulty presented by variations in the standards of life of different 
groups of producers is recognised, but there is no indication of its 
treatment. 

Mr. Greaves has a chapter on the iron and steel industry, but it is 
neither comprehensive nor up to date (it finishes before the British 
agreement with the European Cartel), and it adds nothing to other 
well-known short discussions.—D. L. Burn. 


Osann, B. ‘“‘ Moderne Stahlgiesserei fiir Unterricht und Praxis.” 
8vo, pp. viii + 261. Illustrated. Berlin, 1936: Verlag von 
Julius Springer. (Price 26.70 marks.) 

Although this book is designated ‘‘ Steel Casting,” the author 
has taken the view, and in my opinion quite rightly, that the quality 
of steel is the basis of satisfactory steel castings. 

The book is divided into nine chapters, and of these six are devoted 
to describing the different methods of steel production. 

In each of these six chapters the first section is given over to a brief 
historical review of the evolution of the process, followed by a de- 
scription of the plant and the present-day methods of working. 

Some of the problems which arise in everyday manufacture are 
discussed, and finally the chemical reactions taking place during the 
melting and working of the process are outlined on the basis of present- 
day knowledge. 

The section giving details of open-hearth furnace design, calcula- 
tions for air and gas quantities, area of flues and chimney draught, is 
one which will repay careful study. 

A chapter is devoted to giving the properties which can be expected 
from carbon and alloy steel castings. 

The last chapter describes the methods of manufacture of castings 
and the precautions necessary to prevent piping, hot tears, &c. 

The book is written concisely and clearly, and should be of great 
help both to metallurgists and engineers. 

From the metallurgical point of view, the book would be con- 
siderably improved if greater length had been devoted to the metal- 
lurgical reactions in the furnaces, and more use made of published 
data from countries outside Germany. 

The chapter dealing with the production of steel castings would also 
be improved if it was devoted more to describing methods of manu- 
facture of large steel castings, such as stern frames, brackets, &c., 
instead of giving photographs of those finished articles —T. M. Servicer. 


” 


SOUTHWELL, R. V. “An Introduction to the Theory of Elasticity. 
For Engineers and Physicists.” (Oxford Engineering Science 
Series.) 8vo, pp. ix-+ 510. Illustrated. Oxford, 1936: 
Clarendon Press; London: Oxford University Press, 
Humphrey Milford. (Price 30s.) 


Professor Southwell’s work on the application of the principles of 
elasticity to engineering problems and his experience of the education 





944 





BOOK NOTICES. 


of engineers naturally lead one to expect that a volume by him on 
the theory of elasticity will be of exceptional merit; in the present 
book the reader will not be disappointed in this expectation. In the 
preface, Professor Southwell points out that modern developments of 
engineering call for a wider knowledge of elasticity than was demanded 
formerly, but that the two existing great stores of information, 
Love’s “ Elasticity’? and Rayleigh’s ‘‘ Theory of Sound,” written by 
mathematicians for mathematicians, are far from being easy reading 
for the engineer. The author’s aim in writing the present book has 
been to provide a suitable preparation for the engineer to take full 
advantage of the works of Love and Rayleigh, and at the same time 
to cover the theory of an honours course in strength of materials. 

From this, it will be gathered that the work is not a reference book 
for the practising engineer or metallurgist faced with the solution of 
an immediate problem in elasticity, but is a course of reading suitable 
for the more advanced student who already possessessome mathematical 
equipment. The physical principles which underlie the theory of 
elasticity, Hooke’s Law and its consequences, the Theorems of Casti- 
gliano, and St. Venant’s Principle, are treated in a delightfully broad 
and philosophic manner. Most practising engineers and metallurgists 
would derive considerable benefit from a perusal of these earlier 
chapters. Six or seven chapters then lead the reader from the ele- 
mentary theory of stress and strain and simple types of stress dis- 
tribution, to the general equations of elasticity and their solution; 
engineers (or metallurgists) who had been brought up on the con- 
ventional courses in some of our British Universities, and then attempted 
to read Love’s “ Elasticity ”’ will indeed appreciate these chapters. 
Finally, Rayleigh’s methods are exemplified in chapters dealing with 
elastic stability and vibrations. 

To the engineer and metallurgist with a fair mathematical equip- 
ment the book can be commended as a first-class, but not easy, course 
of reading in elasticity, although external help will probably be needed 
for some portions of the works. Those concerned with honours 
courses in strength of —- and elasticity should find Professor 
Southwell’s book invaluable. os as 


Wert, L. R. “An Introduction to Physical Metallurgy.” 
8vo, pp. xi-+ 272. Illustrated. New York and London, 
1936 : McGraw-Hill Book Co. (Price 18s.) 


This book is based on a course of lectures given by the author for 
some years past to post-graduate students of metallurgy and mechanical 
engineering at Harvard University. It is described as a brief ex- 
position of the principles of physical metallurgy designed to be 
sufficiently specific and fundamental to serve as an introduction for 
those who will continue in the subject, and, at the same time, to provide 
a general outline for those who will not. Difficulties are sure to be 
encountered in any endeavour to attain these objects simultaneously, 
for when space is limited, either the number of aspects dealt with 
must be restricted or the treatment of each must be brief. The author 
has surmounted this difficulty by choosing the second alternative, 
and the book is comprehensive rather than thorough. It should be 
of great value to the author’s students and to any other students 
attending an up-to-date course on the subject. Itsshould also be of 
value to those other than students who are taking up the study of 
physical metallurgy, for it is logically arranged and modern. It is, 
however, an introduction and not a treatise. After an introductory 
chapter, the author answers the question ‘‘ What is a Metal? ”’ first 
in terms of mechanical, electrical, and thermal properties, and then 
in terms of the atomic bonds characteristic of metal crystals. He then 
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considers the metallic elements in relation to the periodic classification, 
and deals briefly with crystal structure, polymorphism, mechanical, 
electrical, and thermal properties and corrosion. 

The next chapter deals briefly and conventionally with equilibrium 
diagrams, and the next with changes in solid alloys, the phase law, 
ternary systems, and two actual alloy systems, copper-zinc and iron- 
carbon. Chapter 5 is entitled ‘‘ The Microconstituents of Alloys,” and 
covers the microstructure of pure metals, grain size and shape, 
recrystallisation, crystal boundaries, solid solutions, intermetallic com- 
pounds, and the general types of structures formed at solidification 
and by changes in the solid. The representative micrographs included 
in this chapter are good. 

In the sixth chapter, mechanical and electrical properties and 
resistance to corrosion are again described, attention being given to 
mechanical testing, the relations between mechanical properties and 
constitution, &c., while in the final chapter, on mechanical and thermal 
treatment, the mechanism of deformation, the effect of cold-working 
on properties, hot-working, annealing, age-hardening, and the heat 
treatment of steel are considered.—J. M. RosEertson. 
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ORES—MINING AND TREATMENT 


Experiments on the Magnetic Preparation of Lower-Silesian Bog 
Iron Ore. W. Luyken and L. Kraeber. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 4, 
pp. 35-41). Tests to determine the amenability to preparation of 
various samples of bog iron ore from the Modlau deposits in Lower 
Silesia were made; in particular, in a low-grade variety the distri- 
bution of the iron content in relation to the particle size and the 
mineralogical composition was examined. As part of the silica of 
the ore occurred as small quartz grains, it could be separated out by 
magnetic preparation, yet a test on unroasted material, which after 
removal of the dust contained 33-8% of iron, produced a concentrate 
containing 39-2°%, of iron with an iron yield of 83%. On the other 
hand, after roasting to ferromagnetic oxide, and also removing the 
dust, a concentrate with 49-7°% of iron could be produced, with an 
iron yield of 83-3°%%. By crushing the intermediate product to less 
than 0-5 mm. in size, a concentrate with 50% of iron was obtained, 
with an iron yield of 88:7%. Owing to the higher average content 
in the general ore, close classification produced concentrates with 
54:3% of iron; less close classification yielded concentrates with 
534% ofiron. The valuable accompanying elements manganese and 
phosphorus were also well recovered. These tests showed also that, 
owing to the reducing substances contained in the ore, sufficient 
reduction to produce y-oxide was obtained by simply heating it. 

As only part of the silica of the ore was removable by magnetic 
separation, tests were made to determine whether the ore should be 
dried only ; the results were then compared from the economic view- 
point with those obtained by roasting and magnetic concentration, 
due account being taken of the dust losses. It appeared that both 
simple drying and also roasting followed by very close magnetic 
concentration led to economic loss, that less close magnetic concen- 
tration was actually economic, but that the best mode of operation 
was to concentrate magnetically only the low-grade portions of the 
ore and to dry the richer portions. 

The Evolution of Various Types of Crushers for Stone and Ore, and 
the Characteristics of Rocks as Affecting Abrasion in Crushing 
Machinery. W. T. W. Miller and R. J. Sarjant. (Minutes of Pro- 
ceedings of the Institution of Civil Engineers, 1936, vol. 239, pp. 
39-144). The authors describe some of the better-known types of 
crushing machinery, and show how the improvement of materials, 
especially the introduction of alloy steels, has aided in their 
development. 
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Experiments on Hot-Patching. Part I.—Preliminary Experiments 
on the Application of Certain Cements. F. H. Clews, H. Booth, and 
A. T. Green. (Transactions of the Ceramic Society, 1936, vol. 35, 
May, pp. 257-269). In connection with the failure of the silica 
bricks in gas retorts, experiments were carried out in order to deter- 
mine the most satisfactory method of patching by means of cements. 
Laboratory tests confirmed the general unsuitability of wet cements 
for hot-patching purposes. Attempts to apply the cement dry, by 
means of compressed air or a blow-pipe flame, were more successful, 
and good adherent deposits were obtained. 

Emissivities of Refractory Materials. R.H.Heilman. (Mechani- 
cal Engineering, 1936, vol. 58, May, pp. 291-292). A form of 
apparatus used for determining the emissivities of refractory ma- 
terials is described, and some results obtained by its use are re- 
produced. The refractory material was applied to the surface of a 
silver disc in the form of paint, and the surface temperature deter- 
mined by a platinum/platinum-rhodium thermocouple ; the emission 
was viewed by a radiometer. The tests show that colour has a 
marked influence on the emissivity above 500° F., whilst the chemical 
composition of the material also has a considerable effect. The 
emissivity of all the colours of the refractory materials and paints 
examined decreased with increase in temperature, except black. 

The Slag Resistance of Steel Works Refractories. J. H. Chesters. 
(Transactions of the Ceramic Society, 1936, vol. 35, June, pp. 271- 
283). The failure of steelworks refractories is usually due to slag 
attack. The equilibrium conditions in systems containing iron oxide 
are fundamentals that for the most part still remain to be worked 
out, but some idea of these conditions can be gained from cone and 
“pill” tests. The use of an induction furnace in which any desired 
metal plus slag can be melted in contact with the refractory dif- 
ferentiates between the various materials and serves to show whether 
large-scale tests of new refractories or new slags can be made without 
risk of serious failure due to rapid slagging. 

The results of these tests and of microscopic examination, to- 
gether with the data obtained from physical tests, e.g., modulus of 
rupture at high temperatures and permeability, indicate the direction 
of progress in the development of refractories of high slag resistance. 

Mottled Silica Bricks. W. J. Rees. (Transactions of the 
Ceramic Society, 1936, vol. 35, June, pp. 284-285). Occasionally 
silica bricks, from normal lime-bonded batches, are extensively 
mottled brown on the skin. This mottling, which disappears on 
reburning, appears to be due to condensation of acid water-vapour 
on the bricks during the early stages of burning, forming probably 
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calcium sulphate. Although the mottling does not affect in any way 
the subsequent behaviour or durability of the bricks in service, it 
may be possible to eliminate it by using coke breeze during the early 
stages of burning instead of coal or slack. 

Kinetics of Some Reactions of Interest to Ceramists. ©. C. 
Furnas. (Journal of the American Ceramic Society, 1936, vol. 19, 
June, pp. 177-186). The disintegration of blast-furnace linings 
owing to carbon deposition was investigated. Tests were carried out 
on samples of brick exposed to carbon monoxide at 450-500° C., as a 
result of which it appeared that susceptibility to disintegration is 
dependent on the conditions of firing (and hence the form in which 
the iron oxide in the brick is present) rather than the composition of 
the brick merely. Further tests, on bricks incorporating Fe,O, or 
Fe,0, and fired under reducing or oxidising conditions, confirmed 
this. Bricks fired under reducing conditions resisted disintegration ; 
those fired in an oxidising atmosphere succumbed. 

Experiments on the Lining of Basic and Acid Open-Hearth 
Furnaces. H. J. Meyer and H. Abker. (Stahl und Eisen, 1936, 
vol. 56, July 16, pp. 815-818). This paper is in two parts. In the 
first, by Meyer, the author discusses the influence of the process of 
burning on dolomites of various compositions, the insertion of new 
linings and the melting-in of the basic-lined hearth, the lining of the 
back wall, and of magnesite hearths, and the construction of the tap- 
hole. In the second part, by Abker, the construction, heating-up, 
and melting-in of an acid open-hearth of quartz sand, the influence 
of the condition of the sand on the life, and the flaking of the hearth 
are dealt with. 

Insulation of Open-Hearth Furnaces. E. F. Cone. (Metals and 
Alloys, 1936, vol. 7, Apr., pp. 109-118). A questionnaire relating to 
the insulation of open-hearth furnaces was sent to a number of open- 
hearth operators. The present article summarises the answers. 
In Part I. reports from twenty companies are given, and in Part II. 
some of the insulating materials used are briefly described. Insula- 
tion was observed to decrease the fuel consumption in nearly every 
case, and an increase in furnace life was also common. 
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Apparatus for Determining the Fusibility of Coal Ash. G. E. 
Hall and H. J. Hodsman. (Journal of the Society of Chemical 
Industry, 1936, vol. 55, May 29, pp. 1517-1527). A furnace suitable 
for determining the fusibility of coal ash is described. The method 
of making the test-pieces and of carrying out the test is also 
described. 

The Capillary Behaviour of Coals. P. Nashan. (Mitteilungen 
aus den Forschungsanstalten von dem Gutehoffnungshiitte-Konzern, 
1936, vol. 4, May, pp. 133-138). The author first describes briefly 
the method of examining the capillarity of coals and summarises 
previous investigations, and then presents the results of his own 
work. It appears that the difference in capillary behaviour is a 
characteristic of the various kinds of coals, and originates in the 
microstructure of the coal substance itself. 

New Coal Washery at Fishburn Colliery of Henry Stobart and 
Company, Limited. (Iron and Coal Trades Review, 1936, vol. 132, 
May 22, pp. 939-944). This washery is designed to deal with coal 
below 34-in. mesh at the rate of 1800 tons in 16 hr. Provision is 
also made in the layout for the processing of a further 1250 tons of 
coal per 16-hr. day. The washery circuit includes dedusting plant, 
washing and jigging equipment, dewaterers and draining bunkers. 

Comparative Results from Practice with Discharge Regulators 
and with the Triple-Product Classifier. P. Rzezacz. (Gliickauf, 
1936, vol. 72, June 20, pp. 601-609; June 27, pp. 625-630). The 
author presents a comparison of the results of coal classification 
obtained by means of classifiers fitted with discharge regulators with 
those yielded by the Barvooys process, incorporating an appliance 
by which three products are obtained from the single unit, as in- 
stalled at the Sophia-Jacoba Colliery. In the first article the author 
describes the purpose of discharge regulators, their various types and 
their mode of operation; in the second part, operating results 
obtained with the various appliances are recorded and discussed. 

The Amount of Crude Gas Passing into the Flues in the Hot Walls 
and Its Influence on the Heating of Coke-Ovens. K. H. Osthaus. 
(Gliickauf, 1936, vol. 72, June 6, pp. 553-560; June 13, pp. 587- 
591). The author discusses the factors influencing the passage of 
crude gas from the coking space into the heating flues in the walls 
of coke-ovens, describes a method for determining the amount of gas 
infiltering into the flues, and gives consideration to the influence of 
this infiltration on the thermal efficiency of the coke-oven and the 
economics of its operation. 

Tar and Tar Oils. An Economic and Technical Survey of the 
Recovery and Working-Up of Tar. E. Belani. (Montanistische 
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Rundschau, 1936, vol. 28, May 16). The author first reviews a 
number of low-temperature carbonisation processes, and then 
describes the Raschig continuous process of tar distillation and the 
products obtained from it. 

Demag Wet-Bottom Producers. (Demag News, 1936, vol. 10, 
May, pp. 26-28). A description is given of the Demag wet-bottom 
producer. This operates on a charge of 1 part of open-hearth 
furnace slag to 4 parts of coke, and yields slag and pig iron as by- 
products. It may be worked on a ccld blast, or on hot blast with 
water injection. The charging mechanism is actuated by automatic 
controller gear. The producer described has a daily throughput of 
300 tons of coke. 

Constructional and Operating Data of Open-Hearth Furnaces 
Fired with Mixed Gas. F.Wesemann. (Stahl und Eisen, 1936, vol. 
56, June 11, pp. 677-684). In order to reveal the connection 
between the port design, the output and the refining effect in open- 
hearth furnaces, the Sub-Committee on Open-Hearth Operation of 
the Verein deutscher Eisenhiittenleute issued a questionnaire to five 
German companies operating their furnaces on mixed-gas fuel. The 
information received in reply is summarised and discussed. The 
importance of the ability to absorb heat in regard to the furnace 
output is brought to the fore; the design of the ports, the cross- 
sections of the flues and passages, and the dimensions of the hearth 
must be arranged with that point kept wellin mind. Another matter 
of importance is the size of the gas regenerating chambers, in view 
of the effect of this factor on the decomposition of methane and the 
luminosity of the flame. These requirements are discussed in the 
light of the data presented, and given a numerical basis. 

Development and Erection of the Saar Long-Distance Gas Supply 
System. F. Vieler. (Stahl und Eisen, 1936, vol. 56, June 18, 
pp. 701-707). The development of the Saar long-distance gas 
supply system is described, and details of the erection of the plant 
and of the mains are discussed. 
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Operating Blast-Furnace Bell. (Iron and Coal Trades Review, 
1936, vol. 132, May 22, p. 946). (See Journ. I. and §.1., 1936, No. L., 
p- 1694.) 

The Volume of Blast Received at the Tuyere Connections. A. 
Holschuh. (Stahl und Eisen, 1936, vol. 56, June 25, pp. 725-728). 
Measurements of the blast volume at each individual tuyere connec- 
tion are described, and the benefits of such measurements in blast- 
furnace operation are pointed out. Experiments, carried out with 
models, on the distribution of the blast in front of tuyere nozzles of 
various shapes are discussed, and also operating tests on the extent 
of the zone of oxidation in front of the tuyeres. It was found that 
with three different shapes the zone of oxidation reached approxi- 
mately equally far towards the centre of the hearth, but that the 
lateral extent differed. Obviously there is here a connection with 
the flow velocity, in that equal carbon dioxide concentrations occur 
at positions of equal gas velocity. 

Carbon in Pig Iron.—A Study of Increased Carbon Content in Pig 
Iron Related to Blast-Furnace Efficiency with Respect to Carbon 
Consumption. W.E. Brewster. (American Institute of Mining and 
Metallurgical Engineers, 1936, Technical Publication No. 716; 
Metals Technology, 1936, vol. 3, June). In an attempt to account 
for the higher total carbon content of pig iron produced by a certain 
blast-furnace compared with other furnaces working on the same 
materials the variables involved were examined. Two outstanding 
differences in operation were observed, namely, a higher blast tem- 
perature and more continuous application of the blast. A variation 
in blast temperature alone, however, failed to influence the carbon 
content. 

Manufacture of Iron Alloys from Ores by the Use of Electric Arc 
Reduction Furnaces. A. Karsten. (Revue de Métallurgie, Mémoires, 
1936, vol. 33, May, pp. 345-347). A general discussion of the manu- 
facture of ferro-alloys in the are furnace, with some notes on plants 
where the process is carried out. For most of the ferro-alloys the 
arc furnace is essential, owing to the high temperatures required ; 
ferro-manganese is usually made in the blast-furnace, though at a 
works in Georgia the arc furnace is used. 

The Australian Iron and Steel Industry. E. Lewis. (Australa- 
sian Engineer, 1936, vol. 36, Apr. 7, pp. 11-13, 25-30). The origin, 
early history, development and resources of the Australian iron and 
steel industry are reviewed. 

The 250th Anniversary of the Eisenhuttenwerk Thale. H. Dick- 
mann. (Stahl und Eisen, 1936, vol. 56, June 4, pp. 658-659). 
The history of the growth of this steelworks and enamelling plant is 
outlined briefly. The first German wagon axle of iron was made here 
in 1831; the enamelling works dates from 1835. 
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(Continued from pp. 58 a—59 A) 


Progress in English Cast Iron Production. J.G. Pearce. (Gies- 
serei, 1936, vol. 23, May 22, pp. 262-265). Reviewing the activities 
of the British Cast Iron Research Association, the author discusses 
the metallurgy of cast iron, melting practice, moulding sands, and 
refractories; in conclusion he touches on instruction in foundry 
practice. 

The Production of Iron Castings. H. Field. (Journal of the 
Institution of Production Engineers, 1936, vol. 15, May, pp. 224— 
243). Notes are presented on some of the factors—such as surface 
finish, soundness, uniformity, &c.—which enter into the production 
of iron castings. 

The Filtering of the Air in Foundries. O. T. Koritnig. (Gies- 
serei, 1936, vol. 23, June 5, pp. 295-298). Air-conditioning in 
foundries and the plant necessary for removing dust, fumes, &c., from 
the air are discussed. 

The Balanced Blast Cupola. L. W. Bolton. (Iron Age, 1936, 
vol. 137, May 21, pp. 38-40, 93). The principle of operation of the 
balanced-blast cupola is outlined, and some of the advantages 
attaching to its use are dealt with. 

Soda Treatment in Siderurgy. Observations—Results. A. G. 
Lefebvre. (Seventh International Congress on Mining, Metallurgy, 
and Applied Geology, Paris, Oct. 20-26, 1935: Revue de Métal- 
lurgie, Mémoires, 1936, vol. 33, May, pp. 289-290). The use of 
sodium carbonate for the refining of pig and cast iron and the in- 
fluence of various factors (composition of the metals; temperature ; 
mode of operation; duration of the reaction; nature of the lining of 
the container) are discussed. 

The ‘‘ Deblanchal,”” a New Rotary Melting Furnace. C. F. 
Herington. (Iron Age, 1936, vol. 137, June 11, pp. 50-53, 114). 
The construction and operation of the furnace are described, together 
with operating costs and details of the products obtainable. (See 
p. 13a.) 

Recent Progress in High-Duty Cast Irons. M.Dudouet. (Chimie 
et Industrie, 1936, vol. 35, May, pp. 1011-1021). The author 
reviews recent advances made in the production of high-duty irons. 
He discusses the factors which enter into their preparation, such as 
treatment in the molten condition, the nature of the additions made 
and the moment when they are added, the physico-chemical nature 
of the charge, and the action of slags. He then turns to the applica- 
tion of the principles involved to practical operation, and deals with 
the cupola and the cupola/electric-furnace duplex process. Finally 
he discusses the raw materials for the charge. 











108 a FOUNDRY PRACTICE. 


The Founding of Pressure Castings. H.H. Judson. (Institute 
of British Foundrymen, 1936, June 9-12, Paper No. 588). The 
author gives an account of the production of high-duty cast iron, 
based largely on his own experiences. He describes the two-cupola 
system of working, in which a charge consisting of steel rails, pig 
iron, and spiegeleisen is melted in one unit, whilst a mixture of pig 
and scrap iron is melted in the other. By combining the irons so 
produced a suitable soft high-tensile iron is obtained, containing 
about 2-6% of carbon and 1-6% of silicon. The metal is poured as 
hot as possible in order to secure a fine-grained structure. The 
castings are used for pressures up to 1500 lb. per sq. in.; for lower 
pressures, between 200 and 1000 lb. per sq. in., a steel mixture melted 
in a single cupola has proved successful. 

The Selection of Melting Furnaces for Malleable Iron. By N.G. 
Girshovitch and A. F. Landa. (American Foundrymen’s Associa- 
tion, May 1936, Preprint No. 36-4). The authors discuss a number 
of factors which must be taken into consideration in the selection of 
melting equipment for the production of malleable iron castings. 
Comparative costs, in roubles, are given of the various processes of 
production. The quality of the metal produced by the various 
processes and the ease of malleablisation were investigated, and the 
authors conclude that the rotary pulverised-fuel-fired furnace 
produces metal with the best physical properties. The graphitisation 
of malleable iron was also investigated, and it was found that graphite 
appears at 1781° F. and much more quickly than had hitherto been 
found. The first stage of graphitisation was completed in irons made 
by certain melting units more quickly than in others, and those 
processes which produced more rapid first-stage graphitisation, also 
completed the second stage more quickly than the others. Irons 
which contain the lowest oxygen contents have the highest physical 
properties, and the method of operation rather than the type of 
melting unit is the cause of this variation in properties. The effect 
of the rate of cooling was also investigated, and it was found that 
the rapidity of cooling exerts an important influence on the ductility 
of malleable iron. 

Dimensional Tolerances for Castings (with Particular Reference to 
Malleable Cast Iron). (Institute of British Foundrymen, 1936, June 
9-12, Paper No. 593). This report has been prepared by a Sub- 
Committee of the Technical Committee on Malleable Cast Iron. 
Current clauses relating to dimensions in existing specifications are 
reviewed, and certain improvements are suggested. Some of the 
problems with which the founder has to deal are discussed, and an 
account is given of the Technical Committee’s own investigations, 
covering data on blackheart malleable castings, steel castings, cast 
iron, and non-ferrous metals. Tentative tolerances are suggested for 
these materials. 

The Manufacture of Intricate Thin-Walled Steel Castings. R. 
Hunter and J. McArthur. (Institute of British Foundrymen, 1936, 
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June 9-12, Paper No. 583). Notes on the technique of casting thin- 
walled steel castings are presented. Attention is given to the main- 
tenance of size, the prevention of hot tears, the choice of moulding 
method, gating, and the most suitable type of steel and of moulding 
sand. Several typical thin-walled castings are considered in further 
detail. 

The Production of Nickel-Chrome-Molybdenum Steel Castings 
from a Bessemer Converter. J. Flack. (Institute of British 
Foundrymen: Foundry Trade Journal, 1936, vol. 54, May 21, p. 
399). A brief account of the production of nickel-chromium-molyb- 
denum steel castings from the Bessemer converter and their subse- 
quent heat treatment, is presented. 

Natural Bonded Moulding Sands of Canada. C. H. Freeman. 
(Canada, Department of Mines, Mines Branch, 1936, No. 767). 
The author discusses all known occurrences of natural bonded mould- 
ing sand in Canada suitable for iron and non-ferrous casting. Sands 
suitable for steel casting are not included. The physical properties 
and testing of moulding sands are dealt with, and the results of the 
more important laboratory tests are presented in tabular form. 
A selected bibliography on the testing and control of moulding sand 
is appended. 

Composition and its Effect upon the Properties of Mould and Core- 
Sand Mixtures at Elevated Temperatures. IF’. Hudson. (Institute of 
British Foundrymen, 1936, June 9-12, Paper No. 584). A study was 
made of the influence of the composition of the foundry sand upon 
its properties at elevated temperatures. Ordinarily such sand tends 
to develop excessive expansion and compressive strength at high 
temperatures; the addition of coal-dust (in the case of greensand) 
or of sawdust (in the case of dry sand or loam) was found to correct 
this tendency. In brass and iron founding the use of synthetic clay 
and liquid binders was found to assist in controlling the properties of 
the sand; with steel castings a synthetic sand made from crushed 
firebrick was satisfactory. The protective wash used should have 
properties at elevated temperatures similar to those of the base sand. 
In an appendix tests on the effect of clay additions upon the pro- 
perties of oil-sand at elevated temperatures are described. The addi- 
tion of clay was found greatly to increase the expansion of oil-sand 
at high temperatures. 

Deformation and Resilience of Moulding Sand. H. W. 
Dietert and R. A. Dietert. (American Foundrymen’s Association, 
May 1936, Preprint 36-5). The authors have investigated the 
effect of variations in moisture content, grain size, clay content and 
mould hardness, and the presence of sea-coal on the deformation and 
resilience of moulding sand. 

Mechanical Sand Handling for Low-Tonnage Foundries. E. W. 
Beach. (Transactions of the American Foundrymen’s Association, 
1935, vol. 43, pp. 415-426). The author describes the arrangement 
of equipment and sequence of operations designed for a small jobbing 
foundry for the handling and control of moulding sand. 
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Manufacture of Locomotive Castings. H. Lowe. (Institute of 
British Foundrymen: Foundry Trade Journal, 1936, vol. 54, May 
21, pp. 397-398, 410). This paper mainly refers to the production of 
locomotive castings at the St. Rollox workshops of the L.M.S. 
Railway Co. An account is given of the moulding and casting 
technique employed in the manufacture of cylinders and engine 
details. 

Auto Pistons Cast Horizontally. (Foundry, 1936, vol. 64, Apr., 
pp. 50-51, 98, 103). The production of light-weight alloy steel 
pistons at the foundry of the Ford Motor Co., Detroit, is described. 
The moulds and cores are of greensand, and the pistons are cast 
horizontally, in clusters of eight. The pistons have the following 
composition: Carbon 1-35-1-70%, silicon 0-90-1-:30%, sulphur 
0-089 max., phosphorus 0-10% max., manganese 0-60-1-00%, 
copper 2-50-3-00%, and chromium 0-15-0-20%,. 

Chilled Iron Rolls. P. Green. (Sheffield Trades Technical 
Societies : Iron and Steel Industry, 1936, vol. 9, May, pp. 283-284). 
The various factors—such as composition, casting temperature, rate 
of cooling, &c.—which determine the quality of chilled rolls are 
shortly discussed. 

Dry Sand Cover Core Cuts Moulding Cost. J. H. Eastham. 
(Foundry, 1936, vol. 64, Apr., pp. 49, 110). An economical method 
of producing a gear-cover casting by using a cast-iron core box and a 
wood lining is described. 

The Art of Stove and Chimney Plates.—Part III. A. Hirsch. 
(Revue Technique Luxembourgeoise, 1936, vol. 28, May-June, 
pp. 47-58). A large number of stove and chimney plates are 
illustrated and described. (See Journ. I. and S.I., 1932, No. II., 

. 502.) 

: The Centrifugal Casting Process with Special Reference to the 
Production of Engine Cylinder Liners. J.E.Hurst. (Transactions of 
the American Foundrymen’s Association, 1935, vol. 43, pp. 467-475). 
Particulars are given of the casting machines and methods used 
by the Sheepbridge Stokes Centrifugal Castings Co., Ltd., Chester- 
field, for the production of engine cylinder liners. Two methods of 
cylinder block construction are used—namely, the “ wet liner ” and 
the “dry liner”? methods. The advantages of centrifugally-cast 
cylinder liners are pointed out and particulars are given of several 
compositions used in their manufacture. The use of austenitic irons 
for these liners is also discussed. 

The Sand-Spun Centrifugal Process for Making Cast-Iron Pipe. 
J. T. Mackenzie. (Transactions of the American Foundrymen’s 
Association, 1935, vol. 43, pp. 476-478). The author gives a brief 
outline of the “ sand-spun ”’ or “‘ Mono-Cast ’’ method of producing 
centrifugally-cast pipes in sand-lined moulds. 

Cast-Iron Pipes. W. Woodhouse. (Institute of British Foundry- 
men: Foundry Trade Journal, 1936, vol. 54, May 7, pp. 357-362). 
Details are given of the vertical and centrifugal methods of casting 


pipes. 
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West Coast Shop Makes Castings in Wide Variety. P. Dwyer. 
(Foundry, 1936, vol. 64, May, pp. 42-44, 106, 109). The foundry of 
the Enterprise Foundry Corp., San Francisco, is described. The iron 
foundry is served by two 48-in. cupolas, and the steel foundry is 
equipped with two 3-ton electric furnaces. There is also a non- 
ferrous foundry. The products made include a variety of castings 
for the U.S. Navy. 

Detroit Foundry Melts in Rotary Furnaces. P. Dwyer. (Foundry, 
1936, vol. 64, Apr., pp. 46-48, 85, 89). The foundry equipment in- 
stalled by the Kelsey-Hayes Wheel Co., Detroit, for the manufacture 
of brake drums is described. The chief features include mechanised 
moulding plant and sand-preparing equipment. The melting units 
consist of four Brackelsburg 8-ton rotary furnaces, fired with 
powdered coal, and a 10-ton electric furnace. The air to the rotary 
furnaces is preheated. 

Casting Stresses and the Means for Avoiding Them. 0. Bauer and 
K. Sipp. (Giesserei, 1936, vol. 23, May 22, pp. 253-256). When 
castings of variable section have cooled down, the more rapidly 
cooled thinner parts are under compression, and the more slowly 
cooled thicker sections are in a state of tension. The authors show 
that, for grey cast iron, these casting stresses can be reduced to 
harmless proportions by annealing at temperatures between 500° and 
550°—that is, within the temperature range of plastic deformation. 
During short annealing periods (2 hr.) no decomposition of the cemen- 
tite occurs at these temperatures, so that the strength properties of 
the castings suffer no depreciation. Unnecessarily high annealing 
temperatures (700° and higher) are to be avoided, because breakdown 
of the cementite sets in, leading to a reduction of the strength 
properties. 

Soundness in Castings. E. Longden. (Iron and Steel Industry, 
1936, vol. 9, May, pp. 271-276). The author discusses the factors 
which influence the soundness of castings, and examines typical 
examples of difficult castings from this point of view. 
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The Corby Basic Bessemer Steelworks (England). F. Lilge. 
(Mitteilungen aus den Forschungsanstalten von dem Gutehoffnungs- 
hiitte-Konzern, 1936, vol. 4, May, pp. 147-156). An illustrated 
description of the works is given. (See Journ. I. and 8.1.,1936, No. I., 

. 56A.) 
3 Fiftieth Anniversary of the Introduction of the Thomas Process in 
Luxemburg Steelworks. (Revue Technique Luxembourgeoise, 1936, 
vol. 28, May-June, pp. 59-60). The fiftieth anniversary of the 
introduction of the basic Bessemer process at the Société des Hauts- 
Fourneaux et Forges de Dudelange occurred on March 18, 1936. 
This article contains a short account of Sidney Gilchrist Thomas’ life. 

Recent Developments in Open-Hearth Furnace Design and 
Operation. L. F. Reinartz. (Iron Age, 1936, vol. 137, June 4, pp. 
36-45). The recent advances in open-hearth practice dealt with in 
this article relate to furnace construction, insulation, automatic 
furnace control, and temperature control. 

The Technique of the Charging of Open-Hearth Furnaces. G. 
Striegan. (Stahl und Eisen, 1936, vol. 56, June 25, pp. 728-731). 
The author presents a discussion of all the aspects of the charging of 
open-hearth furnaces. The dependence of the duration of the 
heat on the time required for charging is demonstrated by the results 
of operating tests; ways and means of reducing the charging time to 
a minimum are indicated. It is the operator’s duty to control rigidly 
the charging operation, and so to contribute towards the economy 
of the process by shortening the duration of the heat, thereby 
reducing the working costs and ultimately the prime costs. 

Technical Factors for Open-Hearth Furnace Operation. (Stahl 
und Eisen, 1936, vol. 56, May 28, pp. 622-624). This is Report No. 
308 of the Steelworks Committee of the Verein deutscher Eisen- 
hiittenleute. It is pointed out that in making comparisons between 
various open-hearth furnaces, or even of the results obtained in one 
furnace under different conditions, misunderstandings frequently 
arise because the various factors covering the case are not well 
defined. The principal factors are: (1) The dimensions of the 
furnace (capacity), (2) the charging conditions, (3) production and 
time factors, (4) the output, (5) the heat consumption, and (6) the 
life of the furnace (consumption of lining). Exactly what should be 
understood under these headings is discussed. 

Investigations on the Chemistry of the Acid Openh-Hearth Process. 
H. Schenck and E. O. Briiggemann. (Archiv fiir das Eisenhiitten- 
wesen, 1936, vol. 9, May, pp. 543-553). With the aid of the results of 
investigations in the works on acid open-hearth furnaces of 20 and 60 
tons capacity, the authors have repeated the determination of the 
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equilibria in the manganese and silicon reactions, and also of the 
distribution of ferrous oxide between the steel and the slag; the 
results are reproduced graphically and in the form of equations. 
The results are compared with those of other workers, particularly 
with the laboratory tests of Kérber and Oelsen, and the differences 
observed are discussed. 

Investigations on the Chemistry of the Basic Steelmaking Pro- 
cesses. H. Schenck and W. Riess. (Archiv fiir das Eisenhiitten- 
wesen, 1936, vol. 9, June, pp. 589-600). By the investigation of a 
number of basic open-hearth heats, the authors attempted to develop 
the relations dependent on the temperature between the overall 
composition of the slag and the free contents of ferrous oxide, man- 
ganous oxide, lime, and silica, and hence todetermine the equilibria of 
the phosphorus and the manganese reactions, and also the distribution 
of the ferrous oxide between the steel and the slag. 

Electric Furnaces and their Part in Metallurgical Progress. F. R. 
Palmer. (Iron Age, 1936, vol. 137, June 4, pp. 32-35, 84). The 
value of the electric furnace in the production of steels of high quality 
and uniformity, and—frequently—of high alloy content, is stressed. 

The Internal Stress due to Cooling in Spherical Steel Ingots. 
T. Hirone. (Bulletin of the Institute of Physical and Chemical 
Research (Tokyo), 1936, vol. 15, No. 5, pp. 243-253: Scientific 
Papers of the Institute of Physical and Chemical Research (Tokyo), 
1936, vol. 29, May, Abstracts, p.19). On the basis of the assumption 
that steel is elastico-viscous above a certain temperature, but rigid 
below this temperature, the internal stress of spherical ingots of 
nickel-chromium steel during cooling was calculated. If the steel 
is assumed to be elastic above Ar,., the internal stress is one of tension, 
and is greatly affected by the Ar, transformation. If the tempera- 
ture at which the steel becomes rigid coincides with that of trans- 
formation, the internal stress at the centre is one of compression. In 
both cases a compressive stress exists at the peripheral portion of the 
ingot. 

Contribution to the Study of the Ingot of Rail Steel. G. Grenier. 
(Revue de Métallurgie, Mémoires, 1936, vol. 33, May, pp. 318-324). 
The author presents a study of the macro- and micro-structure and 
the segregation in rail-steel ingots and shows how internal defects in 
the ingot appear in the finished rail. 

The Quality of Steel and Inclusions. A. Portevin. (Mémorial 
de l’Artillerie Francaise, 1936, vol. 15, Part I., pp. 73-91). The 
paper is divided into two chapters. In the first, the author dis- 
cusses inclusions in steel, their nature, origin, and distribution in 
the metal, the effect of hot mechanical treatment and its influence 
on forgeability, the effect of passage through the transformation 
range and the influence of heat treatments, and the effect of in- 
clusions on the properties of steels. In the second chapter the author 
summarises new methods of refining steel, and discusses their 
consequences from the point of view of French national defence. 

H 
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Spread during Rolling in Relation to the Rolling Speed, Roll 
Diameter, and Steel Composition. O.Emicke and E. Pachaly. (Stahl 
und Eisen, 1936, vol. 56, May 21, pp. 589-599). The authors present 
the results of experiments made to determine the influence of the 
speed of rolling, the roll diameter, and the composition of the steel 
(27 different steels, plain and alloyed, were used) on the spread 
during rolling. They also checked their figures by means of the 
formule for the spread proposed by Geuze and Sedlaczek; the large 
degree of concordance between the calculated and the measured 
spread indicates that for most of the steels the simplified method of 
calibration devised by Emicke and Allhausen can be used for deter- 
mining the free spread. 

Measurement of the Work of Rolling by Means of a Carbon 
Pressure-Measuring Capsule. W. Lueg. (Stahl und Eisen, 1936, 
vol. 56, July 2, pp. 766-768). The determination of the work of 
rolling transmitted by a coupling spindle of a rolling stand is effected 
by measuring the circumferential force set up in the spindle. For this 
purpose a carbon-pile pressure-measuring capsule is built into a 
specially designed spindle, and the forces are recorded graphically 
on a moving paper strip. Experiments on a cold-rolling stand showed 
up clearly the influence of the friction between the rolls and the 
material being rolled on the work of rolling. 

The Control and Recording of Rolling Mill Pressures. M. 
Stone. (Iron and Steel Engineer, 1936, vol. 13, June, pp. 21-25). 
The author explains that with modern precision rolling some form 
of roll pressure recording device is desirable; a suitable instrument 
based on the measurement of the stretch of the housing posts is 
described. It consists of an induction micrometer with movable 
armatures, of which the coils form the arms of an A.C. bridge, the 
armature movement being recorded electrically. ‘The instrument 
is calibrated by applying hydraulic jacks to the rolls. In an 
appendix the author presents a short mathematical discussion of 
rolling mill housing distortions. 

New Device Indicates Rolling Mill Pressures. (Steel, 1936, vol. 
98, May 25, pp. 70-71). An instrument for indicating rolling-mill 
pressures is described, in which movement of the housing is utilised 
to vary the air gap in an induction micrometer forming part of an 
A.C. bridge. The current which flows is recorded by a meter; the 
latter is calibrated by applying pressure to the rolls by means of a 
hydraulic jack. 

New Material for Rolling-Mill Bearings. (Iron and Coal Trades 
Review, 1936, vol. 132, May 15, p. 909). The characteristics and 
applications of Novotext—a flaked or laminated phenolic bearing 
material—are described. 
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Bakelised Bearings for Rolling Mills. (Engineering, 1936, vol. 
141, May 29, pp. 593-594). A brief account is given of the manu- 
facture and service performance of Metrovick bakelised bearings. 

New Wide-Strip Steel and Tube-Strip Rolling-Mill. B. Burde- 
wick and T. Soda. (Stahl und Eisen, 1936, vol. 56, June 18, pp. 
708-711). An illustrated description is given of a plant built by 
Krupp’s for a Japanese firm. Two reheating furnaces supply ingots 
to a three-high roughing mill; from this the material passes to a 
wide-strip and tube-strip mill, comprising an edge-rolling stand, a 
three-high stand, a double-two-high mill, and two tandem three-high 
mills. ‘The operation of the mill is described. 

Reducing Electrical Power Costs on Sheet and Tinplate Rolling 
Mills. W. B. Green. (Iron and Coal Trades Review, 1936, vol. 
132, May 29, pp. 983-985). The methods adopted for securing a 
speed drop in the induction motor driving sheet and tinplate 
rolling mills, and the means of improving the power factor are 
discussed. 

Mill Motors and Motor Rooms. Their Ventilation in Steel Mills. 
H. H. Angel. (Iron and Steel Engineer, 1936, vol. 13, May, pp. 13- 
22). The cooling and ventilation of mill motors is dealt with, and the 
various systems and layouts are considered in detail. 

Applying Synchronous Motors to Main Roll Mill Drives. 
L. A. Umansky. (Iron and Steel Engineer, 1936, vol. 13, June, 
pp. 1-20). After referring briefly to the advantages of synchronous 
motors for rolling mill drives the author examines the operating 
characteristics of these machines in further detail. He considers 
the continuous capacity, maximum running torque, over excitation 
under heavy load, power factor, and starting and braking power. 
Other points dealt with include the limitations of synchronous 
motors, and protective devices suitable for these machines. 
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HEAT TREATMENT 





(Continued from pp. 63 a—64 A) 


Steels for the User.—XVII. Case-Hardening (contd.). R. T. 
Rolfe. (Iron and Steel Industry, 1936, vol. 9, May, pp. 301-306). 
Cyanide and gas carburising treatments are first discussed. Then 
follows a detailed consideration of the effect of carburising on the 
core. Data are presented on the results obtained by subjecting test 
bars to various carburising heat treatments. 

Case-Hardening and Heat Treatment with Liquid Cyanides. E. G. 
Bishop. (Australasian Engineer, 1936, vol. 36, Apr. 7, pp. 16-18). 
The operation of cyanide case-hardening is described. 

Furnace Atmospheres and their Effects. J.W.Cobb. (North of 
England Gas Managers’ Association, May 8, 1936: Gas Journal, 
1936, vol. 214, June 17, pp. 834-839). An account of the effects of 
various furnace atmospheres on the scaling of steel at different tem- 
peratures is presented. Typical atmospheres representing the 
range of fuels in use were investigated ; the scaling effect was meas- 
ured by determining the increase in weight. The effect of adding 
oxygen or hydrogen to these atmospheres was studied. Oxygen was 
found greatly to increase the formation of scale, whilst the addition 
of a reducing gas diminished it. Sulphur dioxide, even in small 
amounts, was also found to have a highly deleterious effect. Although 
in many furnace operations the presence of unburnt gas is advan- 
tageous, in the firing of glazes and enamels it is injurious, whilst 
oxygen actually improves the surface. 

The Conditions for the Uniform Hardening of Steel Throughout the 
Mass. H.Krainer. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, 
June, pp. 619-622). The characteristic of uniform heat treatment 
throughout the mass of metal treated by quenching and tempering 
(Durchvergiitung) is that the mechanical properties at all points of 
the cross-section are the same or very nearly so. Uniform hardening 
of steel parts demands that the austenite transformation in the 
whole cross-section must be delayed to the Ar’ point—i.e., till the 
formation of troostite—and that the tempering temperature must 
lie above this transformation temperature. The temperature at 
which the austenite transformation sets in is determined by the 
tendency of the austenite to transform and the length of time during 
which the steel is at various temperatures, 7.e., the rate of cooling. 
Experiments were made on steel with 0-5% of earbon, 1-:1% of 
chromium, and 0-25% of molybdenum with regard to the rate of 
transformation of austenite at various temperatures, particularly in 
the pearlite stage, which must be passed through rapidly in “ uni- 
form hardening.” It was found that in this range a certain initiatory 
period must elapse before the austenite-pearlite transformation, 
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which in other respects proceeded like a reaction of the first order, 
could set in with a measurable rate. Investigations on the austenite- 
martensite change failed owing to experimental difficulties. Using 
the same steel, the temperature to which the austenite transforma- 
tion must at least be lowered in order to obtain the desired mechanical 
properties across the entire section was determined. It was found 
that this temperature decreased as the magnitude of the tensile 
strength required was raised. 

The Heat Treatment of Steel Wire. F. Jenks. (Australasian 
Engineer, 1936, vol. 36, Apr. 7, pp. 14-15, 32). An account is given 
of wire-drawing practice in Australia, with particular reference to the 
heat treatment employed. 

Gas-Fired Radiant-Tube Annealing Cover for Treating Coiled Bolt 
Stock. (Steel, 1936, vol. 98, May 25, p. 46). Brief details of a 
cylindrical bell-type annealing furnace for heat-treating wire bolt 
stock for cold heading are given. Heating is effected by gas-fired 
radiant tubes built into the annealing cover; an inner cooling 
cover is also used, for protection during cooling. 

Heat Treatment of Cast Iron by Hardening and Tempering. J. E. 
Hurst. (Foundry Trade Journal, 1936, vol. 54, May 21, pp. 400- 
405). (See p. 644.) 

Contribution on the Problem of the Changes of State of Steel on 
Hardening, Tempering and Annealing. A. von Vegesack. (Jern- 
kontorets Annaler, 1936, vol. 120, pp. 49-98: Zeitschrift fiir 
anorganische und allgemeine Chemie, 1936, vol. 227, pp. 145- 
178). The author presents the results of tests made on six plain 
carbon steels (carbon ranging from 0-70 to 1-26%) to determine 
the changes which take place during hardening, tempering, and 
annealing, and also the distribution of the carbon between the 
martensite and residual austenite in hardened steel. Besides 
chemical analyses, dilatometric and hardness tests, microscopic 
observations and specific gravity determinations were made. The 
author concludes with a detailed discussion of the results obtained 
and their implications, and compares them with the work of other 
investigators. 

The Increase of Resistance and Improvement of Working Articles 
by Means of Superficial Hardening by Means of Electric Current. 
I. S. Semenov. (Metal Industry Herald, 1936, No. 7, pp. 16-25). 
The author has investigated the superficial hardening of rails and 
locomotive tyres by the application of an electric current, and 
presents the results obtained. (In Russian.) 
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WELDING AND CUTTING 


(Continued from pp. 65 A—67 A) 


Accurate Time Control for Resistance Welding. R. T. Gillette. 
(Journal of the American Welding Society, 1936, vol. 15, June, pp. 
6-8). Some examples are given of the use of the Thyratron time 
control for resistance welding. 

Some Difficulties in the Practice of Spot Welding. R. de Long- 
camp. (Bulletin de la Société des Ingénieurs Soudeurs, 1936, vol. 7, 
Mar.-Apr., pp. 2123-2130). The author discusses the practice of the 
spot welding of stamped sheets 1 to 4 mm. in thickness, and indicates 
some of the difficulties to be overcome. 

Gas Welding of Class 1 Pressure Vessels. G.W.Plinke. (Mecha- 
nical Engineering, 1936, vol. 58, May, pp. 293-297). An account is 
given of the preliminary tests and ultimate procedure adopted in 
fabricating a Class 1 pressure vessel by oxy-acetylene welding. 
(See p. 65a.) 

The Welds in the Boilers of the 8.8. ‘‘ France.’? M. Lebrun. 
(Bulletin de la Société des Ingénieurs Soudeurs, 1936, vol. 7, Mar.- 
Apr., pp. 2131-2133). A brief note on repairs to the boilers of this 
vessel which were effected by welding. 

The Welding of Rails. J. Négre. (Bulletin de la Société des 
Ingénieurs Soudeurs, 1936, vol. 7, Mar.-Apr., pp. 2135-2152). 
After touching on reasons for applying the welding process to rails 
and mentioning the early welding experiments of the Chemin de Fer 
du Nord (France), the author discusses the choice of method and 
compares the alumino-thermic and the electric-welding methods 
from the points of view of the quality of the resulting job, con- 
venience, and cost. He then describes an electric welder specially 
adapted for welding rails and concludes with notes on the Company’s 
welding plant. 

The Polish Type of Gas-Welded Rail Joint : Laboratory Tests 
and Practical Applications. F. Golling and P. Tulacz. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding, and 
Allied Industries, London, June, 1936). Following upon their 
report to the Eleventh International Congress of Acetylene in 
Rome in 1934 regarding acetylene-welded rail joints, the authors 
now discuss the changes introduced in the design of the “ pincers ” 
joint as the result of practical experience, and descfibe in detail the 
execution of the welding work. A high degree of resistance to fatigue 
effects is indicated as being the most important desideratum in a 
welded joint, and the emphasis hitherto laid on impact tests is 
stated to have led to an entirely false point of view. The authors 
make reference to their proposals laid before the Third International 
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Congress on Rails in Budapest in 1935 regarding the principles to be 
followed in the testing of welded rail joints, and give statements of 
the results obtained in the testing of their design of joint in the 
experimental establishments of various countries. Some 500 
“ pincers ” joints are now in service in the main lines of the Polish 
and Hungarian railways and on electric tramway systems. The 
rail joints so formed are giving satisfactory service in every respect. 
They have withstood the sharp and prolonged frosts of the winter of 
1934-35 without giving any cause for complaint, whereas a con- 
siderable number of breakages occurred in rail joints subject to the 
same conditions which had been welded by other processes. 

Welding of High-Tensile Carbon Steels. K.L. Zeyen. (Tech- 
nische Mitteilungen Krupp, 1936, vol. 4, June, pp. 83-89). (See 
p. 674.) 

Alloy Steels for Welded Power Piping. J. R. Dawson. (Journal 
of the American Welding Society, 1936, vol. 15, June, pp. 18-23.) 
The author discusses the creep strength, corrosion resistance, and 
heat resistance of alloy steels for pipes, and shows how welding may 
be successfully applied to the fabrication of these pipes. 

Some Applications of Welding in the Works of the Compagnie 
d’Orleans. R. Laborie. (Bulletin de la Société des Ingénieurs 
Soudeurs, 1936, vol. 7, Mar.-Apr., pp. 2091-2122). The use of 
welding in constructing and repairing locomotive parts, as applied by 
this French Railway Company, is described, with illustrations. 

Tests on Welded Silicon Steel. M. R. Taylor and J. Jones. 
(Journal of the American Welding Society, 1936, vol. 15, May, pp. 
31-32). An account of some impact tests on welded beams of 
silicon steel (containing approximately 1° of manganese and 0-25% 
of silicon) and plain carbon steel is presented. The carbon steel 
behaved best. 

Self-Stresses in Welded I-Beams. E. Gerold and H. Miiller- 
Stock. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, July, 
pp. 33-38). The authors report the results of tests, made by the 
method devised by Siebel and Pfender, to determine the self stresses 
occurring in I-Beams welded in various ways. 
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COATING OF METALS 





(Continued from pp. 69 A—71 A) 


Control of the Cathode Film and the Metal Deposit. C. G. Fink. 
(Chimie et Industrie, 1936, vol. 35, May, pp. 1028-1033). Many 
years ago the rotation of the anode to enable various metals to be 
separated electrolytically was suggested. This principle, when 
applied either to the cathode or anode, has produced useful results, 
particularly in electrolytic analysis. It has been adopted in electro- 
lytic operations of an industrial character, in particular with use of 
very high rates of rotation. By adjusting the rate of rotation and 
regulating the current density, it has become possible to modify at 
will the order in which metals are deposited from their aqueous 
solutions. 

Nickel-Clad Steel Sheets for the Chemical Industry. B. Traut- 
mann. (Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, 
June 20, pp. 785~-787). A review of the properties (deformability. 
weldability, suitability for riveting) of nickel-clad steel sheets and 
their applications. 

Galvanising Kettle Heated Through Gas-Fired Vertical Alloy 
Tubes in Walls. W.H.Spowers, jun. (Steel, 1936, vol. 98, June 8, 
pp. 56-58). The application of radiant heat tubes to the firing of 
a galvanising kettle is described, and the advantages of this method 
of heating are enumerated. 

Electro-Galvanising of Round Wire. A. Weisselberg. (Iron Age, 
1936, vol. 137, May 21, pp. 34-37, 106). After tracing the historical 
development of the electro-galvanising of round wire the author 
briefly indicates the special features of modern processes such as that 
of Bethanising. 

The Basic Theory of the New ‘‘ Bethanizing ’’ Process. U. C. 
Tainton. (Wire and Wire Products, 1936, vol. 11, May, pp. 225- 
227, 243). A description of the ‘ Bethanizing ’’ method of electro- 
depositing zinc on steel wire is given. 

Electro-Galvanising Process Produces Ductile, Corrosion-Resistant 
Castings. (Steel, 1936, vol. 98, May 18, pp. 40-43). The Bethanising 
process is described. 

Application and Utility of Bethanized Wire. L. H. Winkler. 
(Wire and Wire Products, 1936, vol. 11, May, pp. 228-229). The 
Bethanizing process of coating steel wire with zinc is compared with 
the ordinary hot-galvanising method. (See p. 694.) 

The Development and Application of Metal Spraying. A. E. 
Phipps. (Metal Industry, 1936, vol. 48, May 15, pp. 553-558). The 
Mellozing process of spraying molten metal is described, with details 
of the type of pistol used, the nature of the sprayed coatings, and the 
applications of the process. 
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Modern Vitreous Enamelling Practice in America. I. N. White- 
smith. (Institute of Vitreous Enamellers : Sheet Metal Industries, 
1936, vol. 10, Apr., pp. 319-321; May, pp. 391, 392, 401). The 
salient features of modern vitreous sheet enamelling practice in 
America are described. Attention is given to frit milling, metal 
preparation, frit control, dipping, special finishes, edge brushing, 
spraying, and burning or firing in box-type or continuous muffles, 
matching and marking, and de-enamelling. 

Determination of the Solubility of Highly Acid-Resistant Enamels. 
O. Kriiger. (Korrosion und Metallschutz, 1936, vol. 12, Apr., pp. 
85-88). The, author describes the carrying-out of acid-solubility 
tests on ground enamel and on the enamel coating on vessels; for the 
latter tests, the enamel is applied to the inside of open-hearth sheet- 
steel containers, which are fitted with reflux condensers. The acid 
(hydrochloric, sulphuric, or nitric acid of various strengths) is kept 
at 99° C., and is allowed to act on the enamel for several hours. The 
percentage acid consumption and the total residue, obtained by 
evaporating a measured quantity of the acid, are estimated; from 
the latter, taking account of the change of composition of the enamel 
in passing into solution, the amount dissolved off the enamelled 
vessel is calculated. 

Paint Problems in Navigation. E.Asser. (Zeitschrift des Vereines 
deutscher Ingenieure, 1936, vol. 80, June 27, pp. 816-817). After 
noting the complicated adverse conditions affecting the paintwork 
on ships, the author discusses the influence of the material painted 
on the life of the paint, corrosion at rivet heads, the application to 
marine purposes of the so-called soda- and acid-resistant paints, the 
use of paints containing chlorinated caoutchouc for underwater parts, 
and special paints, such as those developed for use in tankers and 
fireproof paints. 
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PROPERTIES AND TESTS 


(Continued from pp. 72 A-80 A) 


Some Aspects of Materials Testing. H.J.Gough. (Engineering 
Inspection, 1936, vol. 2, Apr.-June, pp. 4-15). A brief historical 
introduction is followed by a review of some of the aspects of 
materials testing, such as specification tests, full-scale tests, the 
significance of notched-bar tests, the failure of materials under 
combined stresses, and the size effect. In conclusion the physical 
aspect of metallic cohesion is touched on. , 

Load/Elongation Diagrams and the Rate of Elongation of Plastic 
Materials in Tension as a Function of the Mode of Loading. G. 
Welter and S. Go¢kowski. (Wiadomosci Instytutu Metalurgji i 
Metaloznawstwa, Warsaw, 1936, vol. 3, No. 2, pp. 95-105). The 
authors record the results of their investigation of the manner in 
which the mode of applying a tensile load to a plastic metal (with or 
without the intervention of springs in the load-applying system) in- 
fluences the shape of the load/elongation diagram obtained and 
affects the rate of elongation of the specimen. The materials 
examined included a mild steel (carbon, 0:15°%) and Armco iron. 
With an elastic member (a spring) between the loading system and 
the lower grip the upper and lower yield points disappeared, while 
the maximum load was lower by about one-half than that obtained 
with “ stiff’ loading. The masses involved in the pendulum 
dynamometer used were found to have no effect on the shape of the 
load/elongation curves obtained. 

Micro-Deformations in Steel in the Dynamic Bend Test at Raised 
Temperatures. G. Welter and J. Kucharski. (Wiadomosci In- 
stytutu Metalurgji i Metaloznawstwa, Warsaw, 1936, vol. 3, No. 2, 
pp. 75-81). The authors describe an impact bend test made at 
raised temperatures and the results obtained with a plain steel 
(carbon, 0-7%) and a low-alloy steel (nickel, 2-0%; chromium, 
05%; carbon, 03%). The cylindrical bar, notched at the mid- 
point, was carried on supports; between them were two solenoids by 
means of which the specimen was heated, the temperature being 
registered by a thermocouple placed in an axial hole bored nearly 
to the notch from one end. The impact energy was varied up to 
300 kg.cm., and the micro-deformations were measured by an 
optical lever. The alloy steel showed the first permanent set under 
an impact of 6-2 kg.cm. per sq. cm. at room temperature, and under 
3-8 kg.cm. per sq. cm. at 500° C.; for this steel the micro-deforma- 
tion at 500° C. was 3-5 times that at room temperature under the 
same impact. The carbon steel showed the first permanent set under 
an impact of 2 kg.cm. per sq. cm. at room temperature, and under 
0-4 kg.cm. per sq. cm. at 500° C.; the micro-deformation at 500° C. 
was in this case 14-41 times that at room temperature under the 
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same impact. The alloy steel withstood a greater stress up to the 
dynamic elastic limit at 500° C. than the carbon steel did at room 
temperature. The impact energy required to produce the first 
permanent set at 500° C. was about 9 times greater for the alloy steel 
than for the carbon steel. The results obtained by this method are 
comparable only when the experimental conditions are identical. 

Notched Bar Testing. S. L. Hoyt. (Metals and Alloys, 1936, 
vol. 7, Jan., pp. 5-7; Feb., pp. 39-43; Apr., pp. 102-106; May, pp. 
140-142). The author distinguishes between impact testing and 
notched-bar testing, and discusses the actual notch effect together 
with the variables which enter into notched-bar testing. The idea of 
cleavage strength is examined, methods of testing and the inter- 
pretation of results are dealt with, and the theory of notch behaviour 
is given attention. Finally the utility of the test is discussed. 

The International Standardisation of the Notched-Bar Impact 
Test. A. Leon. (Montanistische Rundschau, 1936, vol. 28, 
Stahlbau-Technik, May, pp. 2-5). The author reviews the various 
forms of notched-bar impact test specimens that have been proposed 
and the efforts that have been made to attain to international 
standardisation of the test. 

Small Plastic Deformations in Strip Steel. N.P. Goss. (Metals 
and Alloys, 1936, vol. 7, May, pp. 131-134). The author first 
explains that preferred orientation following quite small rolling 
reductions may be revealed by X-ray analysis with the beam trans- 
mitted in a direction parallel to the surface and at right angles to 
the direction of rolling. He then gives an account of studies on 
annealed strip subjected to varying degrees of cold-rolling. At 5% 
reduction fragmentation of the grains without preferred orientation 
was observed ; with further degrees of cold-rolling the fragmentation 
increased and the directional effect became evident, and with heavy 
reduction was very marked. It is shown also that the orientation 
depends on whether the material is hot- or cold-worked. 

Preferred Orientations Produced by Cold-Rolling Low-Carbon 
Sheet Steel. M. Gensamer and R. F. Mehl. (American Institute of 
Mining and Metallurgical Engineers, 1936, Technical Publication No. 
704; Metals Technology, 1936, vol. 3, June). By X-ray examination 
it is shown that in the cold-rolling of mild steel the preferred orienta- 
tions develop gradually. There is no change in the type of pre- 
ferred orientation during the course of rolling. In cold-rolled steel 
a zonal texture exists, the outside layer exhibiting a modification of 
the texture at the centre of the sheet. Pole figures were prepared 
for these textures. The texture on the outside has been satis- 
factorily explained previously by other workers; the difference 
existing between the outer and inner layers, however, remains to be 
elucidated. 

The Recrystallisation of Unkilled Soft Steel and a Fully Deoxidised 
Izett Steel. W.Tofaute and V. Lwowski. (Technische Mitteilungen 
Krupp, 1936, vol. 4, June, pp. 66-74). The authors first describe 








1244 PROPERTIES AND TESTS. 


how they prepared a typical ageing mild steel (unkilled) and a 
completely deoxidised non-ageing steel (Izett steel; aluminium- 
treated), and then give an account of their investigation of the in- 
fluence of cold-working and heat treatment on the grain size of these 
two materials and their recrystallisation. 

X-Ray Stress Measurements on Quenched Steel Shafts. F. Wever 
and H. Moller. (Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fiir Eisenforschung, 1936, vol. 18, No. 3, pp. 27-30). The X-ray 
and mechanical measurement of the surface stresses in quenched and 
turned steel shafts (25 cm. long and 5 cm. in dia.) gave different 
absolute values. As a result of the turning, additional stresses, 
amounting to about 40 kg. per sq. mm., were set up in the surface 
layers, which could not be revealed by the boring-out method of 
testing. These additional stresses extended to a depth of about 
0-2 mm.; at a depth of about 0-1 mm. they had decreased by about 
one-half. Slowly-cooled, almost stress-free shafts behaved otherwise 
on turning; either no stresses were set up, or else very small addi- 
tional stresses, which extended to a depth of about 0-2 mm. The 
disturbance of the surface can be removed by etching; X-ray and 
mechanical measurements on shafts of which the surface had not 
been machined or had been etched sufficiently deeply, agreed 
satisfactorily. 

Contribution on the X-Ray Measurement of Stresses in Welded 
Structures. IF. Wever and A. Rose. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, No. 3, pp. 31- 
33). X-ray measurements of the stresses in double-T beams, built 
up by welding shaped flanges to a web plate, revealed high com- 
pression stresses everywhere on the surface. These stresses were 
not caused primarily by the welding process, but rather were present 
already after the rolling stage and were intensified by the straighten- 
ing process. Determination of the stress distribution showed that 
pure surface stresses were in question; these stresses die out very 
rapidly towards the interior of the metal, and disappear completely 
at a depth of about 0-5 mm. 

Machining Stresses. W. Ruttmann. (Technische Mitteilungen 
Krupp, 1936, vol. 4, June, pp. 89-97). By Heyn’s method of stress 
measurement it was shown that, in specimens similarly heat-treated, 
both tensile and compressive self-stresses in the skin layer could arise 
according to the mode of machining. In general, compressive 
stresses were set up by slow cutting with good cooling, similar to 
those caused by surface pressure, as a result of surface deformation. 
By rapid cuts and no cooling, and by grinding, tensile skin stresses 
(thermal stresses due to local heating) were produced. In many 
kinds of machining operations the two effects overlapped, so that a 
more or less stress-free condition resulted. The greatest difference 
between the maximum tensile and maximum compressive stresses 
found in five steels agreed at 25-33 kg. per sq. mm., and appeared to 
be independent of the type of steel. 
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Defects in Steel. R. Scherer and W. Zieler. (Zeitschrift des 
Vereines deutscher Ingenieure, 1936, vol. 80, June 13, pp. 751-754). 
The authors discuss the defects that may occur in steel under four 
headings : (a) Defects arising during melting and casting (inclusions, 
wrong composition, segregation, piping, coarse cast structure, blow- 
holes); (6) those occurring during hot- or cold-working; (c) those 
originating during heat treatment (annealing, hardening and temper- 
ing, case-hardening); and (d) those having their origin during the 
shaping of the metal. Another possible cause of trouble is the selection 
of the wrong material for the purpose in view. 

Physical Metallurgy : I.—Recent Developments ; II.—Diagnosis 
of Mechanical Failures. G. Sproule. (Canadian Mining and 
Metallurgical Bulletin, 1936, May, No. 289, Transactions, pp. 257— 
277). In Part I. the author touches briefly on some of the out- 
standing developments in ferrous and non-ferrous metallurgy. 
Part II. contains examples of the application of metallurgical 
examination to the diagnosis of mechanical failures in axles, shafts, 
castings, &c. 

The Examination of the Phenomenon of Fatigue in Metals by 
Means of X-Rays. H. Dorgelo and P. Neeteson. (Ingenieur, Feb. 
14, 1936: Génie Civil, 1936, vol. 108, June 13, pp. 562-563). The 
authors first discuss the theory of slip planes established by Beilby 
and Rosenhain and its application to the case of fatigue failure ; 
from this it follows that the smooth part of a fatigue fracture should 
consist of heavily worked material more or less amorphous, while the 
coarsely crystalline structure forms when the specimen snaps, after 
having been severely fissured. The authors present X-ray photo- 
graphs of steel specimens to confirm this hypothesis. 

Fatigue Diagrams of Steels under Various Tensile Mean Stresses in 
Relation to the Shape of the Specimen. A. Pomp and M. Hempel. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1936, vol. 18, No. 1, pp. 1-14). The fatigue tests on nine steels (low- 
carbon copper steels, spring steels with copper, and low-alloy 
chromium-nickel steels) described here constitute a further contri- 
bution to the determination of fatigue diagrams for ground and 
polished rods, flat bars carrying the rolling scale and flat bars 
machined all over, for various tensile mean stresses. The tests on 
rods, to examine the influence of the testing conditions (type of 
stress, shape and section of the specimen, frequency of load alter- 
nation, limiting number of load alternations), were made on a Schenck 
endurance bending machine, a high-frequency tension-compression 
machine, and on a pulsator machine fitted with an attachment for 
tension-compression testing ; for the flat specimens a further tension- 
compression pulsator machine was available. Low-frequency 
tension-compression tests on polished round bars with various tensile 
mean stresses showed how the extension of the field of the limiting 
stress in the fatigue diagram was connected with the value of the 
yield point; further, the fluctuating-stress strength coincided with 
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the corresponding yield point. Further tests with loads exceeding 
the yield point revealed the alterations in the static strength values 
so set up; on exceeding the original yield point there is a large, 
almost instantaneous, change in the fatigue diagram, and the largest 
changes in the yield-point values correspond to low degrees of 
extension. The fatigue strength of flat specimens carrying the 
rolling scale, 400 or 600 sq. mm. in section, was lower than that of 
round bars 78-5 sq. mm. in section. Machining the flat bars all 
over raised the fatigue strength by 1-3 kg. per sq. mm. above that of 
the flats with mill scale. On calculating the ratios of the fatigue 
strength to the tensile strength and plotting them against the 
tensile strength, the resulting curve shows that for both round and 
flat bars the ratio decreases as the tensile strength rises. 

Dependence of the Fatigue Strength of Steel on the Frequency of 
Load Alternation. F. Kérber and M. Hempel. (Mitteilungen aus 
dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1936, vol. 18, 
No. 1, pp. 15-19). In the examination of the influence of the 
frequency of load alternation on the fatigue strength, attention must 
be paid to the distribution of the stress across the section of the 
specimen ; hence, bending tests have only a qualitative value. The 
authors’ tension-compression tests on seven steels at frequencies 
ranging from 450 per min. to 450 per sec. show that at high fre- 
quencies the fatigue strength may be 8% to 13% higher than the 
value for low alternation frequencies. In the calculation of these 
stresses from the measured elongation amplitudes under high- 
frequency tension-compression stressing, account must be taken of 
the actual test length of the specimen and of a factor resembling the 
static elastic modulus. To define the damping behaviour of the 
materials, the relation of the damping in the stable final condition 
to the amplitude for the degree of deformation at the time is given. 

Fatigue Strength under Compressive Stress. G. Seeger. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1936, vol. 80, May 30, 
pp. 698-699). <A brief account is given of alternating bending and 
torsional tests made on hollow-rod specimens (including cast iron and 
steel), through which tie bars were passed and the ends screwed up 
tight in such a way that the specimens were continuously under axial 
compressive stress. Some of the bend test-pieces had a reduced mid- 
section, in which a notch was cut in some cases; others were of 
parallel section with a collar shrunk on at the mid-point. The 
torsion specimens were all of the notched reduced-mid-section type. 
With one exception, the effect of the axial compressive stress was to 
raise the fatigue strength; the exception was provided by the 
unnotched steel specimens, for which the fatigue strength decreased. 
Corrosion-fatigue tests showed the beneficial influence of the axial 
compressive stress in reducing the adverse effect of the corrosion. 

The Fatigue Strength of Cast Iron, Malleable Cast Iron, and Cast 
Steel. R.Mailainder. (Technische Mitteilungen Krupp, 1936, vol. 4, 
June, pp. 59-66). The author reviews the behaviour of cast iron, 
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malleable cast iron, and cast steel under the influence of alternating 
stresses, and makes comparisons with forged steel. 

Influence of the Speed of Cutting on the Fatigue Strength of Test- 
Pieces. E. Siebel and W. Leyensetter. (Zeitschrift des Vereines 
deutscher Ingenieure, 1936, vol. 80, May 30, pp. 697-698). The 
authors present briefly the results of tests made to determine the 
influence of the speed of cutting during the process of turning steel 
test-pieces in the lathe on the fatigue strength values obtained. For 
high rates of feed the speed of cutting was without influence on the 
fatigue strength; only when the feed was reduced to a low value did 
an increase in the cutting speed raise the fatigue strength. It 
appeared that the feed was of more importance than the depth of cut. 

The Precipitation Hardening of Austenitic Cobalt-Tungsten-Iron 
Alloys. H. Cornelius and F. Bollenrath. (Metallwirtschaft, 1936, 
vol. 15, June 19, pp. 559-568). The precipitation hardening of 
three austenitic Co-W-Fe alloys (Co about 39%, W about 39%, 
C, Mn, and Si very low) has been investigated by making hardness 
and dilatometric tests and micro-examinations. Hardening sets in 
even below 500° C.; on long annealing at 600° the highest hardness 
value of 680 Brinell is attained. The retardation of precipitation at 
annealing temperatures of 750° onwards is due to the fact that at this 
temperature the 6 crystals are redissolved in the y solid solution. 
The markedly increasing solubility between 800° and 900° and the 
considerable ability of the 5 crystals to coagulate at 900° preclude any 
further noticeable increase of hardness. The volume increase at 
room temperature after transition from the undercooled to the 
hardened condition is attributable to two causes. If the hardening 
occurs at a temperature and in a time interval such that no noticeable 
softening of the hardened metal can occur, then the volume increase 
is due solely to the greater true expansion coefficient of the hardened 
alloy. Ifthe time and temperature of hardening permit a decrease of 
the hardness (recognised by a balling-up of the precipitated com- 
ponents), then the volume increase is only partly accounted for by 
the above cause, and in part (to a very great extent at temperatures 
well above 700°) by a direct increase of volume which sets in at a 
constant temperature. Thus the precipitation hardening process 
affects the true coefficient of expansion, but does not cause a direct 
change of volume; the latter is influenced by the hardening-reducing 
process—namely, the spheroidisation of the precipitated phase. 
The time required (at 650°) to attain maximum hardening is in the 
greatest degree dependent on the temperature and rate of quenching. 
In the alloys examined acceleration of the hardening after cold-work 
was very noticeable. The hardened alloys softened rapidly above 
900°. The lowest hardnesses were noted in the as-cast condition 
(in not too large specimens) and after quenching from about 1300°. 
Specimens which, after quenching from high temperatures, were 
annealed at 900°, hardened more rapidly on heating at 650° than 
they did if so treated without previous annealing. The effect of such 
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an annealing at 900° corresponds to that of very slow cooling from 
higher temperatures. 

Investigations on the Wear Behaviour of Metals under Sliding 
Friction. B. Kehl and E. Siebel. (Archiv fiir das Eisenhiitten- 
wesen, 1936, vol. 9, May, pp. 563-570). The authors report the 
results of wear tests made on ring-shaped specimens. With no 
lubricant the wear of cast-iron and steel specimens was proportional 
to the load. The unremoved heat of friction only increased the 
wear at a temperature above 250° C., when oxidation of the rubbing 
surfaces had set in. With rubbing speeds between 0-2 and | m. per 
sec. the wear first decreased sharply with increasing speed, later 
rising again somewhat. The resistance to wear of pearlitic cast iron 
increased with increasing hardness, while with unalloyed steels of 
various hardnesses a noticeable reduction of the wear occurred only 
with a martensitic structure. If two different kinds of cast iron were 
rubbed together, the wear of the harder iron was greater and that of 
the softer iron less than when two specimens of the same materials 
were rubbed together. Hard cast iron had a greater tendency to be 
eroded than softer cast iron. Further tests were made, in which 
cast-iron, bronze, lead-bronze, artificial resin, and white-bearing- 
metal specimens were rubbed against steel while lubricated with pure 
oil or oil-emery mixtures. The tendency to erosion under oil 
increased with increasing surface roughness. The wear under oil 
decreased with the duration of the test. In oil-emery mixtures the 
wear was not affected by the speed of rubbing, but with increasing 
load it rose, at first proportionately and later, when the surfaces had 
become roughened, to several hundred times its original value. 
Under oil the coefficient of friction of the cast irons tested was 
practically uninfluenced by the load. Lead-bronze had the lowest 
coefficient of friction. Wear testing with ring-shaped specimens is 
claimed to give valuable information regarding the wear of materials ; 
with no lubricant the conditions surrounding wheels and brake-shoes 
are simulated, while the oil-emery tests can give indications of the 
behaviour of parts sliding under conditions of lubrication. 

The Interaction of Atmospheric Nitrogen during Erosion and in 
Fatigue Fracture. H. Schottky and H. Hiltenkamp. (Technische 
Mitteilungen Krupp, 1936, vol. 4, June, pp. 74-79). (See p. 76.) 

Thin-Walled Grey Cast Iron and its Resistance to Wear, with 
Particular Reference to Piston Rings. M. von Schwarz. (Giesserei, 
1936, vol. 23, May 22, pp. 257-262). Economic operation of auto- 
mobile engines demands maximum resistance to wear. Piston rings, 
in particular, were tested for wear-resistance by a rapid test (using 
the wear machine devised by O. Nieberding), and good agreement was 
obtained with the results yielded by rings submitted to practical test. 
Micro-examination showed the close connection between the micro- 
structure and the wear resistance. Characteristic structural forms 
are discussed. In conclusion, brake drums of centrifugally-cast iron 
are touched upon. 
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Testing the Machinability of Free-Cutting Steels. F. Rapatz. 
(Stahl und Eisen, 1936, vol. 56, May 28, pp. 617-622). In testing 
the machinability of a material the economic speed of cutting must 
be determined and attention must be given to the appearance of the 
surface after machining. In order to avoid the use of the time- 
consuming method of determining the optimum cutting speed by 
observing the life of the tool, Wallichs’ method of measuring the 
cutting pressure, Gottwein and Reichel’s procedure for determining 
the cutting temperature, and Leyensetter’s method for observing the 
rate at which the tool becomes blunt with rising cutting speed have 
been developed as rapid tests. Several test series showed that, so 
far as turning was concerned, these tests agreed well with one 
another, but not with practical tests; it appeared that the cause of 
this lay in the latter tests. Nothing can be said at present regarding 
the application of these rapid tests to boring and thread-cutting. 

For the measurement of the quality of the surface, the method 
using a feeler devised by Schmaltz was found to be suitable. A 
preliminary consideration of the results suggests that those free- 
cutting steels with which a high cutting speed can be used have a 
better surface condition; this result, however, is contrary to the 
fact that steels of higher tensile strength—that is, those for which 
lower cutting speeds must be used—yield better surfaces than steels 
of lower tensile strength. 

Electro-Magnetic Testing of Wire Ropes. T. F. Wall. (Trans- 
actions of the Institution of Mining Engineers, 1936, vol. 91, May, 
pp. 104-118). (See p. 39.) 

Slow-Bend and Impact Tests of Notched Bars at Low Temperatures. 
H. F. Moore, H. B. Wishart, and 8.W. Lyon. (American Society for 
Testing Materials, June 1936, Preprint No. 30). The results are 
given of slow-bend and impact tests of several rail steels and non- 
ferrous metals at temperatures ranging from ordinary room tem- 
perature to — 40°F. The correlation between the results from 
slow-bend tests and from impact tests over this temperature range 
is not greatly different from that found by Petrenko (National 
Bureau of Standards, 1925, Technologic Paper No. 289), for ordinary 
room temperatures. The autographic slow-bend testing machine 
used is described. In a flexure test of a notched-bar specimen the 
friction of striking edge of the machine as it moves along the specimen 
seemed to be a rather serious source of error, especially for specimens 
of metal so ductile that after the test they were not broken clean in 
two. Tension tests of notched specimens, both impact tests and 
slow-pull tests, are suggested as worthy of experimental study. 

Influence of Time at 1000° F. on the Characteristics of Carbon 
Steel. A. E. White, C. L. Clark, and R. L. Wilson. (American 
Society for Testing Materials, June, 1936, Preprint No. 32). The 
authors describe extended-time creep tests at 1000°F. on an 
annealed 0-15% carbon electric steel. The stresses were so selected 
that rupture of the specimens occurred after different intervals of 

I 
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time in the series of tests, and fractures were obtained in periods up 
to 14,000 hr. The complete time/elongation curves are thus avail- 
able, permitting the arrangement of the results to show the influence 
of the time of test on the reported creep stresses. The investigation 
reveals that carbon steel loses considerable ductility after prolonged 
heating under stress at 1000° F. and on the basis of a metallographic 
examination an explanation is offered for this behaviour. Evidence 
is also presented to show that (1) the type of fracture varies, depend- 
ing on whether the temperature of test is above or below the lowest 
temperature of recrystallisation, (2) spheroidisation will occur in 
plain carbon steel under stress at 1000° F., and (3) remanent strain- 
hardening is manifested in this steel at 1000° F. only when the time 
for rupture is short, as in the short-time tension test. 

The Resistance to Fire and the Ageing of Isteg Steel. B. Bukow- 
ski. (Zeitschrift des Oesterreichischen Ingenieur- und Architekten- 
vereines, 1936, vol. 88, June 26, pp. 150-152). The author discusses 
the change caused by high temperatures in mechanical properties of 
concrete, ordinary steel, and Isteg steel, from the point of view of 
their behaviour when a fire breaks out in a reinforced-concrete 
structure. The strength properties of Isteg steel at various tem- 
peratures up to 1000° C. are tabulated, and the ageing of this material 
is touched on; its composition, however, is not stated. 

Industrial Experience of the Strength of Steels with which High 
Superheating Temperatures can be Attained. J. Dauvergne. 
(Seventh International Congress on Mining, Metallurgy, and Applied 
Geology, Paris, Oct. 20-26, 1935 : Revue de Métallurgie, Mémoires, 
1936, vol. 33, May, pp. 325-330). The author reports the results of 
large-scale tests (covering a period of about 10,000 hr.) in which the 
behaviour of steel tubes of various compositions in a high-pressure, 
high-temperature superheater was examined. The steels included 
Chromesco I. (chromium-molybdenum), Chromesco II. (chromium- 
molybdenum-aluminium), EM7 (chromium-molybdenum, American 
standard), EM8 (chromium-molybdenum-aluminium, American 
standard), EM13 (higher chromium-molybdenum-aluminium) and 
18/8 chromium-nickel steel. So far no tubes have burst or swollen ; 
some microstructural changes and corrosion have occurred in some 
of the tubes, and these are illustrated. 

The Influence of Hydrogen on Steel at High Pressures and High 
Temperatures. S.J. Wolfsohn and M. P. Miagkov. (Metal Industry 
Herald, 1936, No. 1, pp. 82-88; No. 2, pp. 62-71). In the in- 
vestigations described, eighteen steels of varying chromium contents 
were subjected to hydrogen pressures of 50-25Q atm. at tempera- 
tures of 450-600°C. From the results obtained the authors indicate 
the most suitable steels for the various conditions. [In Russian. ] 

A Study of the Influence of Manganese and Molybdenum Additions 
toCastIron. J.E. Hurst. (Institute of British Foundrymen, 1936, 
June 9-12, Paper No. 585). An account of the influence of joint 
additions of manganese and molybdenum on the properties of cast 
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iron is presented. The addition of molybdenum tends to produce a 
white fracture, especially in the presence of relatively high man- 
ganese contents. Similarly, molybdenum increases the hardness 
greatly if the manganese is in excess of 0-70°%. For the formation 
of martensite a minimum amount of manganese is necessary (molyb- 
denum alone increases the amount of carbide). Annealing appears to 
have a “ balling-up”’ effect; the carbides remain stable and the 
hardness is well maintained. Tests on annealed specimens revealed 
that molybdenum considerably enhances the strength of cast iron; 
manganese is neutral in effect. Molybdenum and manganese both 
tend to improve the elastic properties. The author concludes with 
a brief indication of the practical applications of manganese-molyb- 
denum alloy castings. 

The Influence of Special Elements on the Physical Properties of 
Cast Iron. J. W. Donaldson. (Foundry Trade Journal, 1936, vol. 
54, May 28, pp. 417-419, 423). The effect on the thermal and 
electrical conductivities, thermal expansion, and magnetic properties 
of the addition of alloying elements to cast iron is discussed. 

Copper and Copper-Manganese Grey Cast Iron. L. W. East- 
wood, A. E. Bousu, and C. T. Eddy. (American Foundrymen’s 
Association, May, 1936, Preprint No. 36-2). The addition of copper 
alone to grey cast iron increases the hardness, compressive strength, 
and tensile strength, but has a slight adverse effect upon the trans- 
verse properties. Copper promotes graphitisation and decreases chill 
in low-silicon iron, has no effect on these properties when the silicon 
content is 2%, and increases chill and retards graphitisation slightly 
when the silicon is above 2-5%. Copper-manganese additions 
increase the hardness, tensile strength, and compressive strength 
markedly and improve the transverse properties slightly in low-alloy 
compositions ; these beneficial effects are equally pronounced in low- 
or high-silicon irons cast in green sand or dry sand. The effect on 
chill and graphitisation is similar to that produced by copper 
alone, but to a lesser degree. 

The Relation between the Mechanical Properties of Cast Iron and 
the Structure. G. Meyersberg. (Giesserei, 1936, vol. 23, June 5, pp. 
285-290; June 19, pp. 315-320). The author deals with the 
influence of the graphite in cast iron on the tensile strength. The 
graphite particles have a two-fold effect : they exert a notch action, 
and they restrict the flow of the lines of stress in the matrix metal. 
He shows how to determine numerical values for the two effects, and 
follows the process of fracture and the reduction of the rupture 
strength (Trennfestigkeit) of the matrix due to the intervention of 
the two effects up to the breaking strength of cast iron; he compares 
the results obtained with experimental data found in the literature. 
The interaction of the two effects is described. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1936, vol. 64, Apr., 
pp. 45, 93, 96). The effect of superheating on the graphite size is 
described, and the explanations advanced are analysed. (See p. 42 a.) 
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The Influence of Wall Thickness on the Mechanical Properties of 
Cast Iron. H.Jungbluth. (Institute of British Foundrymen, 1936, 
June 9-12, Paper No. 586). The author commences with a short 
historical survey of the subject. He then discusses the general law 
of sectional sensitivity of plain cast-iron test-bars, and derives 
numerical relationships between the combined carbon and silicon 
content and the exponents for the strength and hardness. The 
problems of the influence of alloying elements and the sectional 
sensitivity of castings are also analysed in the light of the known data. 
There are 52 references to the literature. 

The Fracture of Pig Iron and Cast Iron. A. L. Norbury and E. 
Morgan. (Institute of British Foundrymen, 1936, June 9-12, Paper 
No. 587). The authors first describe the various fractures of pig 
iron, and the effect of composition (especially the carbon and silicon 
content) on the type of fracture. They then give illustrations of 
differences in fracture which are not accounted for by the general 
chemical analysis. Such differences are brought about by superheat- 
ing, or by the presence in the metal of titanium. The latter gives 
rise to slag inclusions, and these influence the structure of the pig iron.’ 

Some Applications of Heat-Treated Cast Irons in France. M. 
Ballay and R. Chavy. (American Foundrymen’s Association, May, 
1936, Preprint No. 36-1). The authors describe the compositions 
of a number of heat-treated cast irons, and indicate their more 
important applications in France. The applications include auto- 
mobile cylinder sleeves, gears, calibrating plates, supports for grinding 
roller bearings, hydraulic pump pistons, and air-cooled aircraft engine 
cylinders. 

Nitralloy Cylinder Barrels for Airplane Engines. (Metals and 
Alloys, 1936, vol. 7, May, pp. 119-121). The composition, manu- 
facture, heat treatment, and nitriding of nitralloy cylinder barrels for 
aicraft engines are described. The alloy used contains: Carbon 
0-38-0-45%, aluminium 1-00-1-30%, chromium 1-4-1-8%, molyb- 
denum 0-30 0-45%, manganese 0-40-0-70%, and sulphur and 
phosphorus each 0-04% max. The alloy is produced in electric arc 
furnaces, and bloomed and rolled to round stock, which is then 
forged into barrels by upsetting. ‘The heat treatment consists of 
normalising at 1800° F., quenching from 1700° F., and tempering at 
1250° F. The barrels are nitrided at 1000° F. for 50 hr., the parts 
not to be treated being electroplated with tin before nitriding. An 
inside barrel hardness of 800-1000 Vickers Brinell is obtained. 

Fabrication of Cast and Rolled Steel. J. M. Sampson. (‘Trans- 
actions of the American Foundrymen’s Association, 1935, vol. 43, 
pp. 351-368). The author presents the results’ of tensile, shear, 
bend, and fatigue tests of welded joints of cast steel to cast steel, 
cast steel to hot-rolled steel, and cast steel to cold-rolled steel. 
The results show that cast steel may be welded to cast steel or to 
rolled steel either by arc welding with fluxed electrodes or by flash 
welding, with entirely satisfactory results, 
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Alloys in the Production of Special Steels. B. Matuschka and 
F. Cless. (Stahl und Eisen, 1936, vol. 56, July 2, pp. 757-764). As 
a complement to a previous paper on the chromium and tungsten 
alloys used in the manufacture of alloy steels (Stahl und Eisen, 1934, 
vol. 54, p. 845), the remaining alloys in general use as additions are 
dealt with (nickel, cobalt, molybdenum, manganese, silicon, alumin- 
ium, copper, and vanadium, as metal or in the form of alloys). 
After a short review of the principal ore supplies and methods of 
smelting, the composition and purity of the commercial alloys are 
discussed. The behaviour of the alloying metal in the steel-melting 
furnace is related to the chemical reactions and behaviour of the 
metal during its smelting. From this, conclusions may be drawn 
regarding the most suitable condition of the alloys and their use to 
best advantage in making the alloy steel. The particular properties 
of the alloying additions which arise out of the smelting process are 
indicated, and the most suitable additions for the production of 
special steels are noted. 

Production, Heat Treatment, and Properties of Iron Alloys. L. 
Jordan. (U.S. Department of Commerce, National Bureau of 
Standards, 1936, Circular C409). A simple outline is given of the 
production, mechanical working, constitution, heat treatment, 
properties, and uses of iron and its alloys. 

Some Copper-Bearing Forging Steels Capable of Structural Harden- 
ing. L. Faure. (Seventh International Congress on Mining, 
Metallurgy, and Applied Geology, Paris, Oct. 20-26, 1935 : Revue de 
Métallurgie, Mémoires, 1936, vol. 33, May, pp. 331-337). The author 
first reviews the mechanical properties of plain carbon, chromium- 
molybdenum, chromium-copper, and nickel-copper steels between 
15° and 900° C., and gives consideration to hot-brittleness in copper 
steels at temperatures between 800° and 1300° C. He then presents 
and discusses the changes in the mechanical properties of copper 
steels of various compositions induced by hardening heat treatment 
(quenching and tempering). 

Alloys of Copper and Iron. K. M. Simpson and R. T. Banister. 
(Metals and Alloys, 1936, vol. 7, Apr., pp. 88-94). After briefly 
reviewing the work of earlier investigators the authors describe their 
own researches on the physical properties and structure of iron-copper 
alloys containing 50° each of these elements. Data relating to the 
mechanical properties, behaviour at elevated temperatures, effect of 
heat treatment and thermal and electrical conductivities are pre- 
sented. Typical microstructures are reproduced and discussed. 

Some Alloys of Copper and Iron. E. E. Schumacher and A. G. 
Souden. (Metals and Alloys, 1936, vol. 7, Apr., pp. 95-101). An 
account is given of some researches on the properties of the alloys 
(chiefly the 50/50 alloy) ofiron and copper, notably those properties 
of importance in electrical conductors. The behaviour of the 
material during wire-drawing, the effect of heat treatment on the 
wire, and the influence this has on the electrical properties, are each 
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discussed. The corrosion characteristics of the alloys are also 
described. In the 50/50 alloy the optimum combination of tensile 
and electrical properties is obtained by ageing at 500° C., followed by 
hard-drawing. Within the range of alloys studied, namely, 75- 
37-5% Cu, the corrosion resistance was found to decrease with increase 
of iron content. The corrosion tests indicated that although the 
alloys might prove corrosion-resistant in inland rural districts they 
are unsuitable for use in marine atmospheres and would probably 
be unsatisfactory in most industrial atmospheres. 

Low-Alloy Steels and their Applications. H.M. Priest. (Journal 
of the American Welding Society, 1936, vol. 15, May, pp. 2-12). 
After comparing the physical characteristics of low-alloy, high- 
tensile steels and ordinary low-carbon structural steels, the author 
discusses the cold formability of these steels, the extent to which 
welding may be applied, and the reductions in weight which are made 
possible. Some examples are cited. 

Low-Alloy, High-Tensile Steels. A.B. Kinzel. (Journal of the 
American Welding Society, 1936, vol. 15, May, pp. 24-27). High- 
strength low-alloy steels are discussed from the point of view of 
strength, ease of fabrication, and corrosion resistance. Ultimate 
strength is shown to be the major criterion for these steels, with 
ductility, weldability, and good corrosion resistance as important 
features. 

Method of Comparing the Mechanical Properties of Heat-Treated 
Structural Special Steels. FF. Le Chatelier. (Seventh International 
Congress on Mining, Metallurgy, and Applied Geology, Paris, Oct. 
20-26, 1935: Revue de Métallurgie, Mémoires, 1936, vol. 33, May, 
pp. 338-344). The author points out that, owing to the large number 
of factors influencing the mechanical properties of special steels of 
given types, it is not easy to make a comparison of the properties of 
the various types. He gets over this difficulty by using ‘ strength- 
ductility coefficients’’; these are characteristic of the types of 
structural special steels in current use, and are independent of the 
usual variations in analysis and of heat treatment. He defines these 
strength-ductility coefficients, and discusses them in their relations 
to the analysis of the steel and the heat treatments given. 

Causes of Fissures in Riveted Boiler Drums. R. Rist. (Stahl und 
Eisen, 1936, vol. 56, June 4, pp. 665-666). The author points out 
that in the past fissures in boiler drums have been attributed to the 
brittleness of the metal, to the caustic embrittlement of the plate, and 
to fatigue phenomena. He discusses the characteristics of the 
fractures which form, and shows that some have the features of 
fatigue cracks while others indicate the occurrence, of intercrystalline 
corrosion ; it appears that damage to the flanges at the boiler ends 
is due to fatigue, while that at the riveted joints and in the shell is 
caused principally by intercrystalline corrosion. 

Some Recent Noteworthy Advances in Rail Manufacture. (Steel, 
1936, vol. 98, June 8, pp. 34-38). An account is given of the chief 
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service defects to which rails are subject, such as shatter cracks, 
transverse fissures, and end batter, and of the heat-treatment pro- 
cesses devised to eliminate these defects. The use of mitred rail 
ends is also referred to. 

Wire Rope—lIts Design, Construction, and Lubrication. (Steel, 
1936, vol. 98, Apr. 27, pp. 42-46). An outline of the design, con- 
struction, and lubrication of wire rope is presented. 

Determination of the Ripeness of Wire Ropes for Removal from 
Service. H.Meuth. (Zeitschrift des Vereines deutscher Ingenieure, 
1936, vol. 80, May 23, pp. 664-666). In order to ensure the safety 
and economy of working of wire ropes it is very important to know 
just when a rope ought to be taken out of service. The author 
records briefly a research in which the mechanical properties of wire 
ropes withdrawn from service were compared with the results of 
endurance tests on similar unused ropes made in a rope-testing 
machine ; it was found that conclusions could be drawn as to whether 
a given wire rope had been laid aside too early or too late. He points 
out that further research is necessary, particularly with regard to the 
influence of various factors encountered in practice. 

Rock-Drill Steel. C. H. Vivian. (Compressed Air Magazine : 
Iron and Coal Trades Review, 1936, vol. 132, May 15, p. 904). The 
development of hollow rock-drills, from the early experiments with 
composite sections to the present adoption of a removable austenitic 
core, is outlined. 

Contribution on the Determination of Surface Quality. H. 
Flemming. (Dissertation Technische Hochschule Dresden, 1934 : 
Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, June 20, 
pp. 792-793). As a measure of surface quality the author uses the 
total height obtained by summing all the individual heights of un- 
evennesses in a unit length of the surface. The machine comprises 
a feeler under which the surface to be examined is moved. The 
feeler rocks a lever, the opposite end of which carries a thin rod at 
right angles to itself. On the rod is a “ rider” (shaped like a hair- 
pin) the lower ends of which rest on a glass plate. As the lever end 
moves up and down, the rider moves along in the direction in which 

it is (slightly) sloping, and from the distance travelled the sum total 
of the individual upward movements of the feeler is determined. 

British Standard Specification for Cast-Iron Shaft Couplings. Rigid 
Flanged Type with Recessed Bolt-Heads and Nuts. (Including Recom- 
mended Limits on Diameters of Line Shafting used Therewith). 
(British Standards Institution No. 664-1936). 

British Standard Specification for Welded Mild Steel Drums. 
(British Standards Institution, No. 670-1936). 
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The Electronic Microscope. R. Fritz. (Revue Générale des 
Sciences, 1936, vol. 47, June 15, pp. 338-342). The principles on 
which the electronic microscope for the examination of materials 
operates, its construction and use are described. 

An Innovation in the Field of Materials Testing and its Importance 
in Foundry Practice. A. Karsten. (Giesserei, 1936, vol. 23, May 
22, pp. 265-268). The Universal camera-microscope and its fields 
of application are described, with particular reference to its use for 
examining foundry raw materials and products. 

Nitrogen Absorption in the Polishing of Soft Iron. H. J. Wiester. 
(Technische Mitteilungen Krupp, 1936, vol. 4, June, pp. 80-82). 
(See p. 814.) 

Non-Destructive Testing of Heavy Metal Parts by Means of Ultra- 
’ Short-Wave X-Ray Radiation. M. Widemann. (Zeitschrift des 
Vereines deutscher Ingenieure, 1936, vol. 80, June 13, pp. 741-745). 
The author reviews the state of development of non-destructive 
testing, the generation of short- and ultra-short-wave X-rays, the 
ability to reveal defects, and the applications of ultra-short-wave 
radiography. 

Notes on Annealing Twins in Ferrite. A. L. Tarr. (Metals and 
Ailoys, 1936, vol. 7, May, p. 130) After treating specimens of Armco 
iron in moist hydrogen at 1490 + 10° C. for 18 hr., cooling to 890° C. 
in 1 hr., and annealing at 890° C. for 12 hr. followed by slow cooling to 
room temperature, annealing twins were observed to form. They 
were revealed by the “ vapour etch’ or by chemical etching. A 
short note,accompanied by two micrographsof the twinned structures, 
is presented. 

Metallographic Changes during Cooling between the First and 
Second Stages of Annealing. H. A. Schwartz and C. H. Junge. 
(American Foundrymen’s Association, May, 1936, Preprint No. 36-6). 
The authors describe the changes taking place while malleable cast 
iron is in the temperature range through which it passes between the 
two stages of the annealing process. It is shown that the ferrite 
forms by two distinct mechanisms. The growth of the ferrite “ bull’s 
eye” structure and the effect of the cooling rate above A, on the 
structural fineness of the pearlite and ferrite are dealt with, and a 
relation between the size distribution of the temper-carbon grains 
and the cooling rate above A, is pointed out. 

Martensite and Austenite in Hardened Steels. .B. Kjerrman. 
(Metals and Alloys, 1936, vol. 7, May, pp. 127-129). A study was 
made to determine the lowest temperature at which martensite 
begins to transform from a tetragonal to a cubic lattice and the 
lowest tempering temperature at which austenite breaks down to 
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martensite. This was done by observing the changes in electrical 
resistance. The results indicated that the martensite begins to 
transform at about 100° C., and retained austenite begins to break 
down at about 240°C. Evidence of martensite transformation at 
as low a temperature as 40° C. was obtained ;~for more prolonged 
tempering times this temperature might have been further lowered. 

The Lamination Frequently Occurring in Saw Blades. W. 
Kilender, A. Walz, and O. Meyer. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 9, June, pp. 601-605). By metallographic examination 
and chemical analysis of forged and rolled specimens of steels for 
wood-cutting saw blades which had been heat-treated in various 
ways and for which the details of melting procedure had been varied, 
the authors were able to show that the primary cause of lamination 
is crystal segregation. Lamination cannot be prevented entirely, 
but its intensity can be much reduced by superheating the molten 
metal, reducing the rate of cooling, and repeatedly changing the 
direction of deformation during hot-working. 

The Theory of Alloy Structures. W.L. Bragg. (Journal of the 
Royal Aeronautical Society, 1936, vol. 40, June, pp. 409-413). The 
author discusses, in a general way, the light thrown on the problem of 
alloy structures by experimental and theoretical physics, parti- 
cularly wave mechanics and X-ray investigation. 

Representation of Ternary Systems. LE. Scheil. (Archiv fir 
das Eisenhiittenwesen, 1936, vol. 9, May, pp. 571-573). In order to 
simplify the use of ternary systems the author suggests that, besides 
the usual constitutional diagram, the three- and four-phase equilibria 
in question should be indicated by a grouping of formule. In 
illustration, he represents a number of ternary systems including iron 
as a phase; the reactions which may take place, and the products to 
which they may give rise, are indicated in parallelograms, and lines 
lead from the various reactions to their resulting products. In the 
iron ternary systems, as knowledge regarding the extension of the 
austenite and ferrite regions is particularly necessary, he recommends 
that projections from the space ternary diagram should be made on 
the base or one of the side surfaces. 

The Iron/Chromium/Chromium-Carbide Cr,C,/Cementite System. 
W. Tofaute, C. Kiittner, and A. Biittinghaus. (Archiv fiir das 
Kisenhiittenwesen, 1936, vol. 9, June, pp. 607-617). The authors 
have investigated the ternary system iron/chromium/carbon up to 
contents of 70% chromium and carbon contents corresponding to the 
iron-carbide/chromium-carbide (Cr,C,) section. On the assumption 
(based on crystallographic evidence) that there is limited solubility 
in that section, the scheme of reactions for this corner of the concen- 
tration diagram was worked out, and confirmed by metallographic, 
thermal, dilatometric, magnetic, and X-ray examinations. As no 
new ternary crystals occurred, the limit of the y-field and the break- 
down of the y-phase with precipitation of the carbides (Cr,Fe),C, 
and (Fe,Cr),C were determined. In these experiments Murakami’s 
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section for 15% chromium was confirmed in regard to the phases, 
and minor changes in the temperatures and concentrations of the 
points indicated were introduced. The cubic and tetragonal carbide 
phases observed by X-ray means by Westgren, Phragmén, and 
Negresco were noted in a large number of the alloys examined by 
X-rays. That the chromium carbides take up iron by the exchange 
of atoms was shown by interference exposures and magnetic measure- 
ments. The constriction of the y field was examined; it was found 
that the single-phase field of y crystals no longer existed in alloys 
with 20% of chromium. As a result of this constriction, the three- 
phase equilibrium « + y + (Cr,Fe),C, shifts to higher carbon con- 
tents and temperatures when the chromium content increases, so 
that, for instance, 30% chromium alloys with 0-1% of carbon still 
consist only of ferrite and carbide from the solidus down to room 
temperature. Experiments with 30-60% chromium alloys of 
various carbon contents showed that the breakdown of «-chromium 
solid solution with precipitation of the intermetallic compound FeCr 
on prolonged annealing, which Wever and Jellinghaus observed in 
pure iron-chromium alloys, occurred over a larger range of concen- 
trations, and also took place in alloys containing carbon. 
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Apparatus and Experimental Methods for Corrosion Research 
at the Institute of Metallurgy and Metallography. J. Czochralski, G. 
Welter, and W. Maruszewska. (Wiadomosci Instytutu Metalurgji i 
Metaloznawstwa, Warsaw, 1936, vol. 3, No. 2, pp. 84-89). The 
apparatus and test methods in use at the Institute of Metallurgy and 
Metallography in Warsaw are described. 

Soviet Russian Researches in the Field of Corrosion and Corrosion 
Prevention. M.von Pohl. (Korrosion und Metallschutz, 1936, vol. 
12, Apr., pp. 89-94). The programme of research on corrosion and 
its prevention incorporated in the Second Five-Year Plan of the 
U.S.S.R. (1933-1937) is recorded, with indications of the places 
where the investigations are being carried out. Ninety-one problems 
are being examined in 104 institutes and works. 

Method for Testing Resistance of Stainless Steels to Pitting. %. 
Brennert. (Jernkontorets Annaler, 1935, vol. 119, July, pp. 281- 
295). In the method described, the potential of the specimen is 
measured against a standard calomel electrode in the test solution, 
while a small current is passing through the solution. With no 
current passing the electrode potential characteristic of the metal is 
obtained. The specimen is then polarised anodically and a small 
current passed. Time/voltage and time/amperage curves are taken, 
and the time at which the current increases sharply gives a potential 
which is called the “ break-through ”’ potential, at which it is sup- 
posed that the protective surface has been punctured. The differ- 
ence between the normal calomel potential and the “ break-through ”’ 
potential is therefore considered as a measure of the pitting resistance. 

Soil Corrosion Studies, 1934. Rates of Loss of Weight and 
Pitting of Ferrous Specimens. K.H. Logan. (National Bureau of 
Standards Journal of Research, 1936, vol. 16, May, pp. 431-466). 
Some results of an investigation of soil corrosion begun by the Bureau 
in 1922 are presented. The data show that the average maximum 
penetrations for the wrought iron, Bessemer and open-hearth speci- 
mens do not greatly differ. The specimens of open-hearth iron and of 
open-hearth steel containing 0-2°% of copper appear to pit slightly 
more deeply than the other wrought specimens. In some soils cast 
iron corrodes more rapidly than steel. Soils differ so widely in 
corrosiveness that the average rates of corrosion or the average life 
of a pipe have little practical value. The addition of chromium to 
steel reduces the loss of weight by corrosion, but does not prevent 
serious pitting, especially in chloride-bearing soils. The addition of 
nickel tends to reduce the depth of the pits. 

Soil Corrosion of Cast-Iron Water Mains. ©. M. Wichers. 
(Korrosion und Metallschutz, 1936, vol. 12, Apr., pp. 81-85). A 
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discussion, based on the author’s researches, of the various causes of 
the corrosion of buried cast-iron water mains, such as the character of 
the soil surrounding the main, its physical condition, the acidity of the 
sub-soil water, the presence of salts, organic matter and bacteria, &c. 

Corrosion under Permanent and Elastic Deformation. W. 0. 
Kroenig and A. J. Boulitschewa. (Korrosion und Metallschutz, 
1936, vol. 12, Apr., pp. 73-81). The authors have examined the 
corrosion of specimens (a) while subjected to elastic deformation and 
(6) after undergoing plastic deformation. For the (a) series alu- 
minium, duralumin, brass, and a low-carbon steel, and for series (b) 
rolled aluminium, were used. The apparatus employed for applying 
stress while the corrosion was examined is described. The following 
observations were made on the specimens undergoing corrosion while 
simultaneously stressed below the limit of proportionality. As the 
stress was raised, the electrode potentials were shifted to less noble 
values; the resistance to corrosion decreased, in certain solutions to 
one-tenth of the value for unstressed specimens. Under stress, brass, 
duralumin, and iron showed a tendency to intercrystalline corrosion ; 
in the unstressed condition this does not occur. 

New Laboratory Data Relative to Embrittlement in Steam Boilers. 
F. G. Straub and T. A. Bradbury. (American Society of Mechan- 
ical Engineers, Nov., 1935). Laboratory tests showed that purified 
sodium hydroxide will not produce cracking of steel specimens in 
short-time tests, whereas commercial sodium hydroxide made by 
the lime-soda process will. When the impurities present in the 
commercial product were added to purified caustic soda and used 
in the tests the specimens cracked. Apparently when silica is present 
in sufficient amounts in the pure caustic soda it leads to cracking. 
However, when smaller amounts of silica, together with minor 
quantities of calcium, magnesium, and aluminium salts were added, 
cracking also took place. These results indicate that it is apparently 
necessary to have one or more catalysts present in the sodium 
hydroxide solution in order to cause cracking within a reasonable 
period of time. 

Effect of Solution Composition on the Failure of Boiler Steel under 
Static Stress at 250°C. W. ©. Schroeder, A. A. Berk, and E. P. 
Partridge. (American Society for Testing Materials, June, 1936, 
Preprint No. 104). Observations in practice, coupled with the 
results of laboratory investigations, have led to the general opinion 
that embrittlement failures in boilers are due to the simultaneous 
action of two factors, an essentially chemical factor depending upon 
the composition of the boiler water, and an essentially mechanical 
factor depending upon the stress conditions in the steel. The in- 
vestigation considered in this paper has been primarily directed to 
secure information concerning the chemical factors involved in the 
production and prevention of embrittlement. It is believed that a 
new viewpoint has been offered concerning some of the factors 
involved in the production and prevention of embrittlement, and of 
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some of the high-temperature reactions which may take place in a 
boiler water. 

The experimental work indicates that chemically pure sodium 
hydroxide has little effect on the tensile load which a steel specimen 
will carry, but if the specimen has a line of stress concentration, such 
as that caused by a groove, chemically pure sodium hydroxide 
definitely decreases the load-carrying ability. Similarities are shown 
between hydrogen embrittlement and embrittlement by chemically 
pure sodium hydroxide solutions. The marked effect of sodium 
silicate and the influence of sodium sulphate and some other com- 
pounds on the embrittlement reactions are discussed. It is also 
shown that sodium sulphite is reduced by iron and hydrogen at 
250° C. 

A description of the equipment used in the testing is given first, 
and this is followed by a discussion of the experimental results 
approximately in the order indicated in the preceding paragraph. 
The final summary discusses the conclusions which may be drawn at 
the present time. 

The Use of Solubility Data to Control the Deposition of Sodium 
Sulphate or Its Complex Salts in Boiler Waters. W. ©. Schroeder, 
A. A. Berk, and E. P. Partridge. (American Society for Testing 
Materials, June, 1936, Preprint No. 105). The constituents of a 
boiler water are believed to exert an important effect upon the 
cracking of boiler steel. For example, sodium silicate and sodium 
hydroxide tend to produce embrittlement and sodium sulphate tends 
to inhibit this effect. The results of an extended investigation of 
the solubility of sodium sulphate from approximately 300-660° F. 
(150-350° C.) in water and in various complex solutions repre- 
sentative of concentrated boiler waters have been used to develop 
the curves in this paper which express the conditions under which 
sodium sulphate will be deposited during the evaporation of a boiler 
water of a given initial composition. If further investigation shows 
that sodium sulphate either in solution or as solid is necessary to 
prevent embrittlement, these curves will define the conditions which 
can or should be maintained. At the present time the curves cannot 
be used to control the composition of boiler waters for the prevention 
of embrittlement unless a number of assumptions are made. Further 
testing now being carried out should eliminate the necessity for these 
assumptions and furnish data which will allow direct application 
in practice. 

The Rate of Reaction of Sodium Sulphite with Oxygen Dissolved 
in Water. R. M. Hitchens and R. W. Towne. (American Society 
for Testing Materials, June, 1936, Preprint No. 101). Sodium 
sulphite is used in increasing amounts for the prevention of the corro- 
sion of metal surfaces by dissolved oxygen. Since its effectiveness is 
dependent upon the speed with which it combines with dissolved 
oxygen, the authors have studied the effects of temperature, type of 
water, and the concentration of sodium sulphite upon the reaction 
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rate. From the data obtained it seems logical to conclude that the 
reaction proceeds with great rapidity and that it is complete in less 
than 1 min. at temperatures approaching that of boiling water, 
regardless of the type of water, if a slight excess of sodium sulphite is 
employed. 

Contribution to the Study of Electrolytic Phenomena of Contact 
of Steels in Ordinary Use. G. Chaudron and P. Lacombe. (Métaux, 
1936, vol. 11, May, pp. 92-115). Fears have been expressed that the 
assembly of low-alloy chromium steels or copper steels with plain 
steels by riveting or welding might set up electrolytic phenomena and 
an e.m.f. of considerable magnitude. In the present paper the 
authors describe their investigation of the e.m.f.’s of “ piles ’’ com- 
posed of pairs of steels of different compositions and the effects on the 
corrosion of the assemblies thus formed. They first discuss the 
working of voltaic piles, and then describe the measurement of the 
solution potential of steel specimens (definitions of solution potential 
and equilibrium potential; variations of the equilibrium potential 
with the concentration of metaliic ions; influence of the surface 
condition ; method of measuring the solution potential ; preparation 
of the specimens ; compositions of the specimens examined ; results 
obtained). The authors next present a study of the working of 
couples formed of various steels and follow on with an account of 
their corrosion tests on the assemblies of different steels. In their 
conclusions the authors state that the solution potentials of the 
ordinary steels and copper steels examined, without rolling scale, 
were practically identical. With the rolling scale attached, the 
chromium-copper steels were more electronegative than the ordinary 
steels, but without the scale they were less electronegative. All 
these steels, when acting as anodes (active state) or when covered 
with fresh rust had practically the same solution potential as pure 
iron. The e.m.f.’s of the couples formed by pairs of these steels were 
very low and decreased rapidly. On a given steel the parts covered 
with rolling scale form galvanic elements with the bare parts; this 
effect masks completely that due to the composition of the metal. 
Metals carrying scale corroded much more rapidly than when freed 
from scale. All paints being more or less permeable to moisture, 
corrosion will always occur if the paint is applied over scale and will 
be enhanced when the cathodic parts are covered. Corrosion tests 
on the assemblies showed no effect due to the couple. The authors’ 
various corrosion tests did not classify the materials in the same 
order. For a given composition, all samples gave equivalent results, 
whatever their source of manufacture. 
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Manganese Deposits of Nsuta, Gold Coast. N. R. Junner. 
(Seventh International Congress on Mining, Metallurgy and 
Applied Geology, Paris, Oct. 20-26, 1935, Applied Geology Section, 
vol. I., pp. 173-178). The author gives a brief account of the 
manganese ore deposits in Nsuta on the Gold Coast, with notes on 
their mineralogical and chemical composition and of the amounts 
exported. 

Natural Combustible Gases in France. (Génie Civil, 1936, vol. 
108, May 16, p. 475). A short note on occurrences of natural gas in 
France. In the valley of the Buisin, natural gas containing 79°% of 
methane is obtained, and, after the removal of the more easily 
condensed constituents, is used for lighting the town of Ambérieu. 
In the neighbourhood of Dax, in the Landes, gas has been 
encountered while drilling for petrol and potash; this gas contains 
45-52% of methane and 40-46% of nitrogen, and carries sma! 
quantities of rare gases. 

Summary Geological Study of the Deposits of Manganese and of 
Iron of Saphoz (Haut-Sadne). C. Thirion. (Seventh International 
Congress of Mining, Metallurgy and Applied Geology, Paris, Oct. 
20-26, 1935, Applied Geology Section, vol. I., pp. 165-171). 

The Origin of the Deposits of Manganese Ores in the French 
Pyrenees. L. Thiébaut. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, 
Applied Geology Section, vol. I., pp. 159-164). 

Existence of Oolitic Iron Ores in the Devonian Strata of the 
Navarre Pyrenees. I.Goarand P. Lamare. (Seventh International 
Congress on Mining, Metallurgy and Applied Geology, Paris, Oct. 
20-26, 1935, Applied Geology Section, vol. I., pp. 305-311). 

Germany’s Pre- and Post-War Supply of Native Iron Ores and the 
Importance of the Salzgitter Deposit. P. Krusch. (Zeitschrift fiir 
praktische Geologie, 1936, vol. 44, May, pp. 67-81; June, pp. 
89-98). After indicating the iron ore reserves lost to Germany by 
the World War, and amounts of iron ore and iron produced and re- 
quired by that country, the author discusses in detail the iron ore 
deposit at Salzgitter. 

The Richey-Lambert Coal Field, Richland and Dawson Counties, 
Montana. IF. S. Parker. (United States Geological Survey, 1936, 
Bulletin No. 847-C.). The Richey-Lambert coal field is an area 
of about 900 square miles in Richland and Dawson Counties, Eastern 
Montana, along the divide between the Missouri and Yellowstone 
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Rivers. The prominent coal beds exposed in the field occur in the 
lower 700 feet of the Tongue River member of the Fort Union 
formation. The beds are lenticular and are irregular in extent and 
thickness. The maximum thicknesses of the coal beds shown on 
the geologic map range from 4 to 21 ft. All the coal in the field is 
lignite; its average heating value as mined, shown by analyses of 
four samples from different beds, is 7035 B.Th.U. Mining operations 
have been confined to small entries and open cuts that are used to 
obtain coal for domestic use locally. The total coal reserves of the 
field in beds in the Fort Union formation are estimated at 12,994,000 
short tons. 

Geology and Mineral Resources of the Bellefonte Quadrangle, 
Pennsylvania. C.Buttsand E.S.Moore. (United States Geological 
Survey, 1936, Bulletin No. 855). The Bellefonte quadrangle is a 
rectangular area of 230 square miles in Centre County, Pa. The 
mineral resources of the area are relatively small. A considerable 
deposit of iron ore (limonite) has been mined at Scotia, but 
apparently no other deposits of any size are known. 

Titanium and Zirconium Deposits of the Coast of Senegal. P. 
Legoux and P. Faucheux. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, 
Applied Geology Section, vol. I., pp. 187-196). 

The Types of Chinese Iron Ore Deposits. C.H.Hsieh. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Applied Geology Section, vol. I., pp. 217- 
229). 

Geology and Mineral Deposits of Anchi, Yungchun and Yungtai 
Districts, Fukien Province. C. Y. Hsich and Y.C. Cheng. (Bulletin 
of the Geological Survey of China, 1936, Mar., No. 27, pp. 1-30). 

The Paoshanchang Iron Ore Deposits in the Tsuchin District, 
Kwangtung. H.C. Tan and P. Kao. (Bulletin of the Geological 
Survey of China, 1936, Mar., No. 27, pp. 31-35). 

The Iron Ore Deposits in the Yiinfu District, Kwangtung. H. C. 
Tan and P. Kao. (Bulletin of the Geological Survey of China, 
1936, Mar., No. 27, pp. 39-43). 
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Aerodynamics as a Basis of {Modern Fuel Practice. P.O. Rosin. 
(Journal of the Institute of Fuel, 1936, vol. 9, June, pp. 287-298). 
The author discusses the application of aerodynamics to combustion 
problems such as the combustion of coal in grates, firing with pul- 
verised fuel, gas firing, and air drying. He shows how important 
eddy effects and turbulence are, and how, by means of models, these 
effects may be investigated. The application of the methods of 
aerodynamics to the problems of avoiding “ birdnesting ”’ in loco- 
motive firing, and of ensuring proper combustion in heating car- 
bonising retorts, is considered. A pneumatic circulation dryer, 
based on aerodynamical principles, is also briefly described. 

Simplified Methods of Combustion Calculations. H. Kay. 
(Journal of the Institute of Fuel, 1936, vol. 9, June, pp. 312-322). 
It is pointed out, in the first place, that since both the calorific value 
and the volume of products of combustion may be derived from 
the analysis of the fuel, this fact may be applied to the solution of 
combustion problems. Charts relating the calorific value to the 
flue gas volume may be drawn and used in fuel calculations. 
Examples of these charts and of their practical application are 
reproduced. 

The Thomas Total-Heat Meter for Gas. (Enginecring, 1936, 
vol. 141, Apr. 24, pp. 445-447; May 22, p. 557; May 29, p. 597). 
The construction and principle of operation of the Thomas total- 
heat meter are explained. This instrument measures and integrates 
the product of the flow and calorific value of the gas. It depends 
on the fact that the specific heat of unit volume of an industrial 
gas remains practically constant throughout the range of temperature 
and pressure likely to occur in practice. This enables the quantity 
of gas to be measured by supplying heat to it and measuring the 
energy required to produce a certain rise in temperature. The 
calorific value is determined by means of a recording calorimeter, 
in which the burnt gas is injected into an air stream and the increase 
in temperature measured. 

Radiation Reaction at Any Point in a Furnace Cavity. W. J. 
Wohlenberg. (Industrial and Engineering Chemistry, 1936, vol. 
28, June, pp. 698-703). The necessary equations of condition and 
a procedure by means of which successive approximations may be 
made to approach a solution of the equilibrium at all points within 
a furnace cavity have been developed by the author for certain 
classes of conditions within the cavity. The classes of local reference 
zones are defined, and expressions representing the net exchange 
by radiation between each of these zones and its surroundings are 
presented. General forms of the expressions, applying to any cavity, 
and special forms applying to gas-, grate- or pulverised-coal-fired 
cavities are included, 
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Fluid Flow and Heat Transmission. C. J. Gray. (Proceedings 
of the Cleveland Institution of Engineers, Session 1935-36, No. 4, 
pp. 199-269). The author discusses calculations of the resistance 
offered by friction to the flow of fluids in pipes, the measurement of 
the rate of such flow, and calculations of heat transmission from 
fluids in motion, the subjects being dealt with in a general way. 
Several appendices, containing information on physical constants 
and calculations relating to fluid flow and heat transmission, are 
included in the paper. 

A Study of the Barakar Coals of the Jharia Coalfield. . Forrester. 
(Transactions of the Mining and Geological Institute of India, 
1936, vol. 30, Apr., pp. 173-224). The author presents a study of 
the Barakar coals of the Jharia coalfield of India. The chemical 
and physical characteristics, nature of the ash, and possibility of 
cleaning the coal were investigated. 

Microstructure of New Zealand Lignites. Part III. Lignites 
Apparently not altered by Igneous Action. W. P. Evans. (New 
Zealand Journal of Science and Technology, 1936, vol. 17, Apr., 
pp. 649-658). An illustrated detailed description of the petrological 
features of a podocarp stem taken from a seam at Coal Creek Flat, 
Roxburgh, Central Otago, is given. 

Microscopic Structure of the Different Types of Belgian Coals in 
the Namur Syncline. N. Fortier and A. Duparque. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Applied Geology Section, vol. I., pp. 249— 
275). 
Coal Preparation Plant. (Fuel Economist, 1936, vol. 11, June, 
pp. 357-359). A description of the coal cleaning plant manufactured 
by the Berrisford Engineering Co., Ltd., is presented. Particular 
reference is made to the All-Bec deduster. 

Check Determinations of Grindability of Coal by Various Methods. 
W. A. Selvig. (U.S. Bureau of Mines, Report of Investigations 
3301: Fuel in Science and Practice, 1936, vol. 15, June, pp. 156- 
161). The tests described were conducted under the gis of Sub- 
Committee VII. on Pulverising Characteristics of Coal (a Sub- 
Committee of Committee D-5 on Coal and Coke, American Society 
for Testing Materials), with a view to evaluating various laboratory 
tests for grindability in connection with the commercial pulverisation 
of coal. Four methods, namely, the Bureau of Mines method 
(based on the determination of the energy of grinding), the Cross 
method, which depends on the amount of new surface produced, 
the Fuel Research Laboratory method (a sieving test), and the 
Hardgrove method of comparing with a standard coal were investi- 
gated. In the light of the results obtained the Sub-Committee 
recommend the optional use of the Bureau of Mines and the 
Hardgrove methods. 

Some Problems of the Coke Oven Industry. G. E. Foxwell. 
(Coke Oven Manager’s Association, Mar. 26, 1936: Gas World, 
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1936, vol. 104, June 6, Coking Section, pp. 11-17: Fuel Economist, 
1936, vol. 11, May, pp. 298-300, 313; June, pp. 336-337). The 
present problems of the coke-oven industry and the possible course 
of future developments are reviewed. The points touched on include 
the prospect of expanding the domestic market for coke, hydrogena- 
tion, the purification and proper utilisation of coke-oven gas, and 
modern practice in the recovery of benzole and wash oil. 

The New Coppee Coking Plant at Hardwick. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1936, vol. 2, May, pp. 87-95). 
An account is given of the coking plant recently installed by the 
Hardwick Colliery Co., to replace the existing ovens. The 19 ovens 
now erected are capable of carbonising 142,000 tons of dry coal per 
annum—12}% more than the original 75 ovens. Each oven takes 
15 tons of dry coal, and the coking time is 164 hr. The ovens are 
of the underfired twin-flue type, and are served by comprehensive 
by-product and coke-handling plant. 

Coke Research. W. Davidson. (Journal of the West of Scot- 
land Iron and Steel Institute, 1936, vol. 43, Mar., pp. 117-124). 
The author deals with the work carried out by the Scottish Coke 
Research Committee on the utilisation of poor coking coals and the 
improvement of metallurgical cokes. It is shown that both problems 
must be attacked in the same way, namely, by the discovery of 
materials suitable for blending with the coals before carbonisation. 
A comprehensive investigation was carried out on the effect of 
different blending materials on the most important properties of the 
resultant cokes, and on the effect of these additions on the charac- 
teristics of the coals. In this way light was thrown on the mechan- 
ism of the coking process, and a correlation between the properties 
of the coal and the resultant coke was obtained. 

A Simple Method for the Determination of the Swelling of Coals. 
G. T. Cummings and N. J. Ivison. (Fuel in Science and Practice, 
1936, vol. 15, June, pp. 162-164). A simple swelling test is 
described, in which samples of ground coal are carbonised in crucibles 
for known periods of time, the volume before and after coking being 
evaluated by observing the amount of sand required to fill the crucible 
each time. 

Coal and its Mineral Matter, with Reference to Carbonisation. 
A. W. Gauger. (Blast Furnace and Steel Plant, 1936, vol. 24, Apr., 
pp. 310-312, 334; May, pp. 406-409; June, pp. 508-510). The 
data obtained by various workers (including the present author) 
on the mineral constituents present in coal are examined. The 
behaviour of sulphur compounds during carbonisation, and the 
catalytic effects of inorganic compounds on the process are considered. 

The N.C.O. Coal-Distillation Process. (Coal Carbonisation, 
Supplement to Colliery Engineering, 1936, vol. 2, May, pp. 96-103 ; 
June, pp. 111-119). The plant put down at Tipton, near Birming- 
ham, by the National Coke and Oil Co., Ltd., for the production of 
briquetted fuel and coal distillation by-products is described. In 
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the process employed a 50/50 mixture of pulverised coal and coal 
oil is carbonised in a revolving externally-heated retort; the coke 
is passed to a briquetting plant and the distillates are dealt with in 
a by-product plant. The coke is mixed with pitch and pressed 
into briquettes. The by-products include gas, motor spirit, fuel 
oil and naphthalene. 

Low-Temperature Carbonisation. Technical and Economic 
Management of a New Process. (Chaleur et Industrie, 1936, vol. 
17, June, pp. 221-228). After a general discussion of low-tempera- 
ture carbonisation, the Zuyderhoudt process is briefly described, 
and the yields obtained are discussed from the technical and econo- 
mic viewpoints. In the process the low-temperature carbonisation 
is effected in vertical steel retorts, shaped as truncated cones, which 
are placed in constant-temperature chambers. Within the retorts 
smaller truncated cones, of perforated sheet, are placed; these 
limit the thickness of fuel carbonised and serve as the off-take for 
the gas. The waste heat is recuperated. 

Testing of Silica Gels and other Dehydrating Agents. J. Caillaud 
and J. Beaufils. (Chimie et Industrie, 1936, vol. 35, June, pp. 
1280-1292). The authors describe how to carry out tests in order 
to determine those properties of silica gel which enter into the 
problem of the drying of gases; only the hygroscopic properties 
are considered, the mechanical properties (friability) and the aero- 
dynamic properties (resistance to the passage of gas currents) are 
not dealt with. By dealing with simple typical cases, the practical 
use of the information derived from such tests is demonstrated. 
In conclusion, the modifications in these tests necessary in order 
that they may be applied to other drying agents, are indicated. 

The Technique of Hydrogenation of Coal and its Products. J. G. 
King. (Journal of the Institute of Fuel, 1936, vol. 9, June, pp. 
323-329). The effects of the variables which determine the process 
of hydrogenation, namely, pressure, temperature, catalysts, hydro- 
gen ratio and time of contact, are discussed, and an account is given 
of the technical application of these effects. 

Metallurgical Aspects of Hydrogenation. F.E.Smith. (Institu- 
tion of Mechanical Engineers, June 9, 1936: Iron and Coal Trades 
Review, 1936, vol. 132, June 12, pp. 1063-1064). The author 
deals with some of the aspects of the design and fabrication of the 
high-pressure reaction vessels used in hydrogenation. After 
tracing the development of the forged alloy steel pressure vessel and 
the cover joint used with it, he discusses the precautions taken during 
the various stages of manufacture to ensure soundness and adequate 
strength in the finished article. 

Liquefied Petroleum Gases Finding New Uses in Metal Treating 
Plants. M. J. Conway. (Steel, 1936, vol. 98, June 15, pp. 34-36). 
The properties and industrial applications of propane and butane 
are summarised. 
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Overblowing in Blast Furnace Practice. W. McConnachie. 
(Blast Furnace and Steel Plant, 1936, vol. 24, May, pp. 403-405). 
In certain circumstances an increase in the volume of air blown into 
a blast-furnace results in a higher consumption of coke. The 
possible reasons for this are discussed, and it is shown that the 
deleterious effects of overblowing are probably related to the design 
of the furnace (particularly the combustion space) and the formation 
of cyanides. 

Influence of the Nature and the Yield of the Burden on the Coke 
Consumption in Blast-Furnaces. J. Lilot. (Revue Universelle 
des Mines, 1936, vol. 12, June, pp. 236-241). Some years ago 
J. Vallet developed a formula relating the coke consumption in the 
blast-furnace to the yield of the burden, and determined the two 
constants contained in it to within 2 or 3%. Later, Derclaye 
calculated the coefficients more closely for a particular case. In 
the present paper the author shows how to work out the coefficients 
exactly for the various cases that may arise, and establishes them 
for the following cases: ores in which the iron is present as Fe,Og, 
ores and other materials in which the iron exists as FeO or Fe.Oz, 
and steel scrap. ‘The formula in question is 

B 
M=A+5 
where M is the coke consumption (kg.) per 100 kg. of iron, 2 is the 
percentage yield of the burden, and A and B are constants. 

Old Ironworks Slags from the Eifel. J. Kliirding. (Stahl und 
isen, 1936, vol. 56, July 30, pp. 865-866). A short note on the 
constitution of specimens of ironworks slags found in the bed of the 
River Urft, not far from Rurberg, in the Eifel District, Western 
Germany. 
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(Continued from pp. 107 4-111 a) 


Developments in the Foundry Industry During Recent Years. 
J. E. Hurst. (Metallurgia, 1936, vol. 14, June, pp. 37-38). A 
considerable change has taken place in the outlook of the foundry 
industry. According to the author, the usefulness of castings has 
increased, largely as a result of new developments, such as the centri- 
fugal casting process, the balanced blast cupola, and the high- 
frequency electric and rotary furnaces. 

Modernising the Foundry. (Metallurgia, 1936, vol. 14, June, 
pp. 45-47). The article deals with developments in the application 
of mechanical aids to the production of castings. Almost complete 
mechanisation has been proved possible for certain types of products 
and the economies effected have been most marked in the production 
of high-grade castings. 

Effect of Tuyere Height on Carbon Pick-up in the Cupola. H. V. 
Johnson and J. T. Mackenzie. (American Foundrymen’s Associa- 
tion, May, 1936, Preprint No. 36-20). The authors describe an 
investigation to secure data on the carbon pick-up of iron as affected 
by the height of the tuyeres above the sand bottom in cupola melting. 
Some conclusions drawn were that increasing heights of tuyeres 
increased carbon pick-up, intermittent flow showed a higher carbon 
over continuous flow, carbon pick-up increases with a rise in tempera- 
ture of the iron, and the contact of the melted steel with the 
incandescent coke is doubtless affected by the degree of tenacity 
with which the slag clings to the pieces of coke after each tap. 

Methods of Estimating Cupola Mixtures. FE. C. Rollason. 
(Metallurgia, 1936, vol. 14, June, p. 49). Careful mixing of cupola 
charges is essential to meet the greater discrimination of users of 
iron castings, and in this article methods of making up charges are 
given which are applicable to normal practice and which will assist 
in providing fluid irons of suitable compositions. 

Developments in the Production of Malleable Castings—vVI. 
H. H. Shepherd. (Iron and Steel Industry, 1936, vol. 9, June, 
pp. 375-380). Continuing this series of articles, the author describes 
rotary melting furnaces of the Brackelsberg and Sesci types. (See 
p. 58 A.) . 

Pours Six 130-Ton Steel Castings for Mill Housings. W. G. 
Gude. (Steel, 1936, vol. 98, June 1, p. 56). A short description 
of the method of pouring six castings for mill housings, each weighing 
130 tons, at the Hubbard foundry of the Continental Roll and Steel 
Foundry Co., East Chicago, Ind., is given. 
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Present State of Control Tests on Moulding Sands. W. G. 
Reichert. (Seventh International Congress on Mining, Metallurgy 
and Applied Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, 
vol. IT., pp. 239-252). The author describes the practical application 
of testing methods for the examination and control of foundry 
sands in general use in American foundries, and indicates the ad- 
vances that have been made as a direct result of these tests. 

Moulding Sand in the Malleable Iron Foundry. H. W. Dictert 
and Frank Valtier. (American Foundrymen’s Association, May, 
1936. Preprint No. 36-10). This paper describes the results 
of an investigation of the properties of sands used in malleable cast- 
iron foundries. The sands from 13 foundries were tested and the 
data plotted to show various relations of sand properties to effects 
on castings produced. Outstanding conclusions reached are 
that: Synthetic sands are being widely used; for smoothest casting 
surfaces sands with low permeability are desired, there being 
an approximate relation between permeability and smoothness ; 
pyrometric control of metal temperature is now general in malleable 
foundries. 

Practical Sand Control in Gray Iron Foundries. H. A. Deane. 
(American Foundrymen’s Association, May, 1936, Preprint No. 
36-11). The author states that laboratory tests are of value in 
selecting new sands, and daily control tests should include those 
for moisture, permeability, and strength, with records kept and 
studied. Varieties of moulding sands used should be kept to a 
minimum. Data on properties of sands for various classes of castings 
are listed by the author, who describes methods of making additions, 
both of natural and synthetic materials. The importance of proper 
temper is stressed and facing control is described. 

Foundry Sand Testing Problems at High Temperatures. P. E. 
Kyle. (American Foundrymen’s Association, May 1936, Preprint 
No. 36-14). This paper reviews the published data on the properties 
of foundry sands at elevated temperatures. The drastic temperature 
effects are shown to be confined to a comparatively thin layer of 
sand adjacent to the casting. Test methods for determining con- 
ditions at elevated temperatures are described, these being tests for 
refractoriness, expansion and contraction, permeability, and com- 
pressive strength. Data on these tests are given and discussed. 

Modelling in the Foundry. T. W. Lippert. (Iron Age, 1936, 
vol. 137, June 18, pp. 26-29, 98, 99). An account of the application 
of small-scale pilot castings to the solution of foundry problems is 
given. As an example a crusher mantle is cited. The full-scale 
castings failed prematurely in service, and in an endeavour to diag- 
nose the trouble a number of castings, to one-sixth scale, were made 
in different ways, and radiographs were taken and compared. 
By this means the soundest casting, and hence the best casting 
practice, was discovered. The work was carried out at the foundry 
of the American Manganese Steel Co., Chicago Heights, Lllinois. 
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Production of Sound Castings. T. R. Harris. (Iron and Steel 
Industry, 1936, vol. 9, June, pp. 370-374). Some of the factors 
upon which the production of sound castings depends are discussed, 
with illustrative examples. 

The Die-Casting of Iron. (Machinery, (Lond.), 1936, vol. 48, 
June 11, pp. 305-309). The process adopted by the Wetherill 
Engineering Co., Philadelphia, Pa., for die-casting articles of cast 
iron is described. (See p. 58 A.) 

New Spun Plant for Cast-Iron Pipes. (Foundry Trade Journal, 
1936, vol. 54, June 25, pp. 506-508, 510). Details are given of the 
centrifugal casting plant of Messrs. Cochranes (Middlesbro’) Foundry, 
Limited. The Mairy process of applying an insulating coating of 
ferro-silicon to the inner surface of the mould isinuse. Four cupolas 
serve the six casting machines. After being cast the pipes are 
normalised in a continuous gas-fired furnace, reheated and dipped 
in the coating tank, and wrapped. 

Glenfield and Kennedy, Limited, Kilmarnock. (Foundry Trade 
Journal, 1936, vol. 54, June 4, pp. 437-438). The foundry equipment 
of the above works is shortly described. 

Babcock and Wilcox, Limited, Renfrew. (Foundry Trade 
Journal, 1936, vol. 54, June 4, pp. 435-437). A description is given 
of the foundry equipment of this works. 

Capillarity as a Factor in Foundry Practice. A.M. Portevin and 
P. G. Bastien. (Institute of British Foundrymen, 1936, June 9-12, 
Paper No. 582: Foundry Trade Journal, 1936, vol. 55, July 9, pp. 
28-32, 34). The authors shortly describe the underlying principles 
of the various methods of measuring the surface tension of molten 
metals; they refer briefly to the influence of the cleanness of the 
liquid on the surface tension, and the relation between the surface 
tension of molten metals and their atomic characteristics, and then 
give an account of an investigation of the surface properties of 
oxidised and unoxidised aluminium. Jn conclusion the relation 
of “ searching ”’ and “ life ” to capillarity is considered. 

Studies on the Solidification and Contraction in Steel Castings. IV. 
—The Free and Hindered Contraction of Alloy Cast Steels. C. W. 
Briggs and R. A. Gezelius. (American Foundrymen’s Association, 
May, 1936, Preprint No. 36-8). This paper continues the authors’ 
studies on the free and hindered contraction of cast steel. The 
contraction characteristics were obtained on eleven alloy steels 
whose carbon contents were similar. The contraction is hindered 
by means of springs, and the resulting stresses and the amount of 
contraction are correlated. Experimentation showed that the 
total contraction of the alloy steels was similar to that of a plain 
carbon steel. (See Journ. I. and §8.I., 1936, No. I., p.°173 4.) 

Measuring and Controlling Pouring Temperatures and Fluidity. 
C. F. Joseph. (American Foundrymen’s Association, May, 1936, 
Preprint No. 36-9). In view of the importance in foundry practice of 
temperature control of the metal, the author describes the equipment 
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for measuring temperature. He emphasises that checking with 
standards is important to obtain reliable results. A plan for tempera- 
ture control as carried out in a plant where the iron is melted in 
a cupola and superheated in an electric furnace is outlined. Effects 
of different temperatures of pouring are listed. A study of fluidity 
and factors affecting it are discussed in detail, together with methods 
of measuring this property. The relations of mottling, tensile 
strength, hot cracks, and annealability to temperatures of pouring 
are discussed. 

Shrinkage. H. A. Schwartz. (Foundry, 1935, vol. 63, Nov., 
pp. 27-28, 65, 66; Dec., pp. 46-50, 52; 1936, vol. 64, Jan., pp. 
50-55; Feb., pp. 50-55; Mar., pp. 56-58; Apr., pp. 60, 62, 66). 
Various problems associated with the contraction of solidifying 
metal are subjected to mathematical analysis. Examples involving 
the calculation of the amount of shrinkage, the period of solidification, 
the process of cavitation in ingots, feeders, &c., are examined. 
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Basic Bessemer Reactions. W. Bading. (Iron and Coal Trades 
Review, 1936, vol. 132, May 15, pp. 891-892). This is an English 
summary of a paper which appeared in Stahl und Eisen, 1936, vol. 
56, Apr. 2, pp. 409-416. (See p. 15 4.) 

Finishing the Heat of Steel. J.H. Hruska. (Blast Furnace and 
Steel Plant, 1936, vol. 24, May, pp. 422-423). The production of 
rimming steel is considered. (See p. 61 A.) 

A Centrifugal Refiner for Molten Metals. E.Vroonen. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., pp. 227-234). 
In the method of rapid refining described, the metal and slag are 
poured into a long, narrow, funnel-shaped vessel, inclined at an 
angle, which is rotated about its axis. The slag and metal become 
intimately mixed, thereby enabling rapid refinement to take place, 
while at the same time the purified metal is thrown by the centrifugal 
action to the walls of the funnel. From the bottom of the funnel 
the pure metal flows out into a collecting vessel, the remaining 
emulsion of metal and slag forming a “ core”’ at its axis. In the 
collecting vessel the emulsion floats on top of the purified metal, 
and the latter is withdrawn from the bottom. The author describes 
experiments made, with and without a special reagent in the slag, 
and then discusses the utilisation of the centrifugal refiner for different 
materials, such as cast iron, steels, &c. 

Electric Furnaces—Their Contribution to Metallurgical Progress. 
F. R. Palmer. (American Iron and Steel Institute, May 28, 1936 : 
Steel, 1936, vol. 98, June 22, pp. 62-69). Attention is given to the 
following improvements in high-quality steel practice, made possible 
by the advent of the electric furnace : The reduction of impurities ; 
the production of clean steel; the ability to attain higher tempera- 
tures; the improvement of the physical properties; the production 
of high-alloy steels and of ferro alloys. 

Corby Basic Slag Plant. (Engineer, 1936, vol. 161, June 19, 
pp. 641-642). The article describes a modern basic slag crushing 
and pulverising plant which is incorporated in the basic Bessemer 
steel plant at the iron and steel works of Stewarts and Lloyds, Ltd., 
at Corby. The plant operates automatically and produces various 
grades of ground slag with the minimum of hand labour. It is 
designed to deal with 500 tons of slag per day. An automatic 
bagging machine is included in the installation. 
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REHEATING FURNACES 


** Weardale ’’ Type Continuous Billet Furnace Fired with Town 
Gas. (Iron and Coal Trades Review, 1936, vol. 132, Apr. 17, 
p. 713). Formerly both of the Weardale-type continuous billet 
heating furnaces installed at Messrs. Brown, Bayley’s Steel Works, 
Ltd., were fired with producer gas. One of these has now been con- 
verted to work on town gas; the arrangement adopted is described. 

Circular Heating Furnaces. Their Development for Ingot 
Heating. M. H. Mawhinney. (Iron and Steel Engineer, 1936, 
vol. 13, June, pp. 26-27). The considerations which have led to 
the adoption of circular ingot heating furnaces are considered in brief, 
and the advantages of these furnaces are summarised. 

Experiments in the Heating of Large Ingots. W. B. Baxter. 
(Proceedings of the Cleveland Institution of Engineers, Session 
1935-36, No. 5). The paper gives the results of experiments, from 
which were drawn the conclusions that (1) a steel ingot is a very 
slow absorber of heat, (2) it is possible in heating an ingot rapidly 
to get a lag of 500° to 600° C. between the outside and the inside 
of an ingot 1 ft. 10 in. to 2 ft. 5 in. thick, (3) it takes about 4 hrs. 
longer for the inside of a 7-ton ingot to reach 1,200° C. than the time 
taken by the outside, a distance of about 11 in. 

Heat Transfer in Continuous Reheating Furnaces. J. EK. Eber- 
hardt and H. C. Hottel. (Blast Furnace and Steel Plant, 1936, 
vol. 24, Apr., pp. 338-343, 361; May, pp. 419-421, 431: Heat 
Treating and Forging, 1936, vol. 22, Mar., pp. 144-149). The factors 
which determine the rate of heat transmission in continuous billet- 
heating furnaces are considered quantitatively. Data relating to 
six different furnaces operating under widely varying conditions are 
analysed, and an equation is developed which fits these data and 
readily lends itself to design calculations. On this basis the author 
considers the design characteristics of a typical billet reheating 
furnace. 
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FORGING, STAMPING AND DRAWING 


(Continued from pp. 19 A—20 A) 


Large Hydraulic Presses Embody New Features of Design and 
Operation. (Steel, 1936, vol. 98, Apr. 20, pp. 50-52). Three 
hydraulic presses—one of 1300 tons, one of 500 tons, and one of 
75 tons—embodying various improvements are described. 

Large Steam Hammer Forges Huge Links for Die Lock Anchor 
Chains. (Steel, 1936, vol. 98, June 22, pp. 37, 73,74). The manu- 
facture of large forged links for die lock anchor chains is described. 

Die Blocks. Their Manufacture and Treatment. B. Pool. 
(Iron and Steel Industry, 1936, vol. 9, June, pp. 388-390). Notes 
are presented on the manufacture, composition, heat treatment and 
selection of steel for die blocks. 

Forging Steel Components. (Metallurgia, 1936, vol. 14, May, 
pp. 1-4). A description of the forging equipment at the works of 
Firth Derihon Stampings, Ltd., is given. 

Cold-Heading Dies and Die Steels. J. C. Alexander. (Heat 
Treating and Forging, 1936, vol. 22, Apr., pp. 171-173). The factors 
which govern the selection of dies and die steels for cold-heading 
work are discussed. The heat treatment to be given to such dies 
is outlined. 

Large Alloy Steel Forgings. T. M. Service. (Engineering, 
1936, vol. 141, May 1, pp. 489-492). After briefly referring to the 
importance of alloy-steel forgings the author considers the principal 
defects associated with these forgings and discusses their causes and 
cure; corner ghosts, hair cracks, inclusions and temper-brittleness 
are particularly mentioned. He then gives an account of some 
mechanical tests on large alloy-steel forgings, indicating in each case 
the composition of the steel and the mechanical properties of the 
forgings. 

Contribution to the Study of the Manufacture of Large Forgings 
in General and of Crankshafts in Particular.: G. Delbart. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. I., pp. 259-268). 
After touching briefly on the influence of annealing and tempering 
on the properties of steel, the author discusses in detail the problems 
entering into the production of crankshafts; he deals with the in- 
fluence of (a) the purity and homogeneity of the metal, (b) the forging 
process, including the influence of the primary structure, and (c¢) 
heat treatment, on the mechanical properties of the resulting 
crankshaft. 

Developments in Modern Drop Forging. R. E.“W. Harrison. 
(Heat Treating and Forging, 1936, vol. 22, Jan., pp. 31-34; Feb., 
pp. 74-78, 83; Mar., pp. 119-122). The author discusses recent 
trends in drop-forging technique and relates them to current 
machine-shop practice. After indicating the desirable features of a 
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es 
forging-shop production line he describes the developments in the 
design of dies, hammers, &c., typical of modern practice. Finally 
he tabulates the operating costs of drop-forging units and indicates 
the direction in which economies may be sought. 

A New Metal for Deep-Drawing. A. H. Hayes and R. O. Griffis. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. IT., 
pp. 293-296). The properties of a “new metal” particularly 
suitable for deep-drawing, developed by the Armco research labora- 
tories, are enumerated and compared with those of mild steel 
sheets, but its composition is not stated. 

Deep-Drawability of Hard Unalloyed Steel Sheets. I. Eisenkolb. 
(Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, May, pp. 575-578). 
From deep-drawing and tensile tests on normalised unalloyed 
1-mm. thick steel sheets of various tensile strengths, the author has 
developed a simple method of calculating the tensile strength, 
elongation and Erichsen value from one another. In the deter- 
mination of the drawing limit by Schmidt’s method and in drawing 
tests by the A.E.G. method, steels with a tensile strength of 80 kg. 
per sq. mm. could be considerably deformed by impactive drawing, 
and even harder sheets could be drawn. Shects with a tensile 
strength of 80 kg. per sq. mm. could be worked quite well in the 
works deep-drawing process up to the limit of their drawability. 
Measurements of the power required for drawing made with the 
Nipf attachment fitted to the Erichsen machine gave results which 
could not be reproduced satisfactorily. 

Metallurgical Aspects of Deep Drawing. J.D. Jevons. (Metal 
Industry, 1936, vol. 48, Apr. 3, pp. 403-408; Apr. 17, pp. 459-463 ; 
May 1, pp. 513-517; May 15, pp. 563-566; May 29, pp. 607-610; 
vol. 49, July 3, pp. 6-10, 17; July 17, pp. 62-65). After considering 
the improvements effected in the quality of metal during the last 
ten years, the author goes on to discuss failures and defects en- 
countered in deep-drawing, the qualities desirable in deep-drawing 
materials, their nature and specification, and concludes by fore- 
casting the possible and desirable improvements in deep drawing 
metal practice. The subject is treated mainly from the non-ferrous 
standpoint. 

Keeping Pace with Progress. J. H. Shilling. (Wire and Wire 
Products, 1936, vol. 11, June, pp. 273-279, 297, 298). An account 
of the production of wire at the rod and wire department of the 
Youngstown Sheet and Tube Co., Youngstown, Ohio, is presented. 

Wire Mill Drafting Tables. T. Gore, jun. (Wire and Wire 
Products, 1936, vol. 11, May, pp. 221-224). Wire drafting tables 
covering the range of reduction from 40 to 15% are presented. 

Soap Containing Colloidal Graphite for Wire Drawing. (Wire 
Industry, 1936, vol. 3, May, pp. 215-217). The use of soap contain- 
ing colloidal graphite as a lubricant in wire-drawing is briefly dis- 
cussed. 
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ROLLING-MILL PRACTICE 


(Continued from pp. 114 A-115 4) 


The Fundamentals of Rolling. N. A. Sobolevsky. (Blast 
Furnace and Steel Plant, 1935, vol. 23, Oct., pp. 685-688; Nov., 
pp. 763-767; Dec., pp. 850-851; 1936, vol. 24, Feb., pp. 149- 
152; Mar., pp. 236-238, 252; Apr., pp. 313-314, 331; May, pp. 
413-414, 439, 440). The author analyses the factors governing 
the spread, lead and retardation which take place during rolling. 
He puts forward evidence to show that, contrary to the accepted 
view, slipping does not occur. The behaviour of sheet metal during 
rolling is similar to that of a block of metal under compression— 
a barrel-like spreading takes place. If, however, the surfaces are 
lubricated, the specimen (or sheet between the rolls) tends to com- 
press uniformly. On this basis certain hitherto unexplained 
anomalies (for instance, the fact that sheet steel reduced under rolls 
of large diameter is thicker in the centre than at the sides, whereas 
with small lubricated rolls the thickness is more uniform) can now 
be understood. The variation in gauge along the length of the rolled 
strip is also explained, together with other rolling phenomena 
hitherto imperfectly elucidated. 

Facts versus Theory in Rolling Mill Practice. W. H. Melaney. 
(Blast Furnace and Steel Plant, 1936, vol. 24, May, pp. 416-418, 
442-444). In a series of articles on the fundamental principles of 
sheet rolling, Sobolevsky (see above)’ criticised certain statements 
made by the present author, who now replies with a fresh examina- 
tion of the facts in the light of his own theory of elastic recovery. 

Bakelised Bearings for Rolling Mills. (Iron and Steel Industry, 
1936, vol. 9, June, pp. 391-393). Brief details of the manufacture, 
physical properties, lubrication, and service performance of Metrovick 
bakelised bearings, are furnished. 

Rolling Rails and Structurals at the New 28-in. Mill. S. Das 
Gupta. (Tisco Review, 1936, vol. 4, Feb., pp. 85-88; Mar., pp. 
176-177). A description is given of the 28-in. rolling mill installed 
at the works of the Tata Iron and Steel Co., Ltd., Jamshedpur, for 
the rolling of rails and structural sections. The principal units 
comprise a 35-in. two-high reversible mill, which produces blooms 
for the 28-in. mill; two three-high stands (roughing and inter- 
mediate), and a two-high finishing stand, these three stands con- 
stituting the rail and structural mill. Both standard and light- 
weight sections are rolled. : 

. Shearing Strip at High Speed. H.H. Talbot. (Iron Age, 1936, 
vol. 137, June 25, pp. 69-71, 128). Notes are presented on the 
design and operation of drum-type flying shears for cutting strip at 
high speed. 
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PYROMETRY 


(Continued from p, 23 A) 


Temperature in Industrial Furnaces. H. C. Hottel, F. W. 
Meyer, and I. Stewart. (Industrial and Engineering Chemistry, 
1936, vol. 28, June, pp. 708-710). The significance of temperature 
measurements in industrial furnaces is discussed. The true gas 
temperature has less utility, except in making heat balances, than 
the uncorrected reading ordinarily obtained with a protected 
couple; the latter measures the rate at which heat would be trans- 
ferred if the couple were replaced by a surface at the temperature 
of the heat sink. An instrument consisting in principle of a pair of 
orientated thermocouples is shown to be capable of measuring the 
actual rate of heat flow across any plane in a furnace. ‘The instru- 
ment was tested at rates of radiant heat flow across a plane of from 
5000 to 18,000 B.Th.U. per sq. ft. per hr., with an average error of 
4% in eight tests. Its application to a study of uniformity of heat 
distribution in furnaces is discussed. 

Some Metallurgical Applications of the C-SiC Thermocouple. 
G. R. Fitterer. (American Institute of Mining and Metallurgical 
Engineers, 1936, Technical Publication No. 717; Metals Technology, 
1936, vol. 3, June). The applications of the Fitterer graphite/ 
silicon-carbide thermocouple which are described include the 
following investigations : The temperature variations of liquid pig 
iron (traced to the mixer and to variations in the blast furnace 
tapping temperature); the fluctuations in hot-metal temperatures 
in the ladle; the effect of casting temperatures upon the life 
of ingot moulds; the temperature measurement of liquid steel in a 
basic open-hearth furnace; an investigation of the ladle pouring 
temperatures of acid open-hearth irons and steels. The significance 
of thermocouple readings in steel ladles is discussed; optical 
pyrometer readings were not found to be significant. 

A New Combined Colour Pyrometer with Comparison Lamp. 
G. Naeser. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
<isenforschung, 1936, vol. 18, No. 2, pp. 21-25). (See p. 23 4.) 

Temperature Measurements with a New Colour Pyrometer. 
G. Naeser. (Giesserei, 1936, vol. 23, July 17, pp. 363-368). (See 
p. 23 A.) 
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(Continued from pp. 116 A-117 a) 


The Cementation of Grey Cast Iron by Beryllium. J. Laissus, 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. IT., 
pp. 219-222). In a previous paper (see Journ. I. & S.I., 1935, 
No. II., p. 418), the author showed how iron and ordinary carbon 
steels could be cemented by means of beryllium; the purpose of 
the present paper is to record further results obtained in the cementa- 
tion of grey cast iron. He first discusses the diffusion of beryllium 
in grey iron, giving consideration to the mechanism of diffusion and 
the influence of such factors as the temperature, time, and the 
composition of the cementing medium, and then gives a short note 
on the hardness of the cemented layers in the cast iron so treated, 
and of their resistance to corrosion. 

Metallic Cementation (IX). Cementation of Some Metals by Means 
of Beryllium Powder. T. Kase. (Kinzoku No Kenkyu, 1936, vol. 13, 
May 20, pp. 173-188). The cementation of iron, nickel and copper 
at various temperatures between 600° and 1100° by beryllium was 
studied. The hardness, penetration and corrosion resistance 
(acid and high-temperature scaling) were investigated, and chemical 
and microscopic examinations carried out. Beryllium diffuses 
into the above-mentioned metals at a temperature higher than 
about 600°, and the rate of diffusion increases as the temperature 
rises—in the case of iron more or less abruptly at the A, point. An 
exponential function connects the increase in weight of the specimen, 
the depth of penetration, and the absolute temperature, or the time 
required. The cemented surfaces become harder than the original 
materials and offer good resistance to atmospheric oxidation or attack 
by fused salts, but not to strong acids. The surface of iron cemented 
with beryllium resists attack by concentrated nitric acid well. 

Steels for the User.—XVIII. Other Case-Hardening Processes. 
R. T. Rolfe. (Iron and Steel Industry, 1936, vol. 9, June, pp. 401- 
404). The author describes the processes of nitriding and Shorter- 
ising, and indicates the results obtainable. Reference is also made 
to the Tocco system of hardening by induced H.-F. currents, and 
building up by spraying and welding. (See p. 116 As) 

Nitriding Steels and Nitriding. C. S. Cutcher. (Heat Treating 
and Forging, 1936, vol. 22, Apr., pp. 178-181). A brief account of 
the nitriding process, and of the properties and applications of 
nitrided steels, is presented. 
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The Mode of Penetration of Nitrogen into Ferrite and its Hardening 
Effect. H.de Rycker. (Seventh International Congress on Mining, 
Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, Metal- 
lurgical Section, vol. IT., pp. 283-285). The author discusses the 
manner in which nitrogen penetrates into ferrite in the nitriding 
operation and how the hardening effect is brought about. 

Rate of Oxidation of Metals at Raised Temperatures. Nickel, 
Copper, Iron, Brass. A. Krupkowski and J. Jaszczurowski. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., 
pp. 329-336). The authors describe their arrangement of an open 
vertical furnace with a balance above it, so arranged that the change 
of weight of the specimen, due to oxidation, can be determined as 
time elapses, and then record the results of their tests on several 
metals. With regard to iron, they give results for the rate of oxida- 
tion not only of the metal but also of the lower oxides to the higher 
oxide. 

The Influence of Alloy Additions on the Scaling of Steel. (Metal- 
lurgist, 1936, Apr. 24, pp. 122-124). A critical review of a paper 
by E. Scheil and K. Kiwit which appeared in Archiv fiir das Eisen- 
hiittenwesen, 1936, vol. 9, Feb., pp. 405-416, is presented. (See 
Journ. I. and §.I., 1936, No. I., p. 66 A.) 

Scaling of Mild Steel in Furnaces. C. H.S. Tupholme. (Heat 
Treating and Forging, 1936, vol. 22, Apr., pp. 182-184). Some 
investigations carried out at Leeds University on the scaling of 
mild steel exposed to furnace atmospheres containing steam, 
oxygen or sulphur dioxide are described. 

The Heat Treatment of CastIron. A.A.Timmins. (Proceedings 
of the Staffordshire Iron and Steel Institute, 1934-1935, vol. 50, 
pp. 121-128: Bulletin of the British Cast Iron Research Association, 
1936, vol. 4, Apr., pp. 314-320: Foundry Trade Journal, 1936, 
vol. 54, May 28, pp. 421-422). After a brief introduction the 
author discusses the use of heat treatment for (1) the relief of casting 
stresses, (2) softening the iron, and (3) altering the structure of the 
iron by quenching and tempering. In connection with the last, 
air-hardening cast irons, the effect of mass, and the prevention of 
cracking and distortion during heat treatment are considered. 
Finally, specialised forms of heat treatment such as nitriding and 
Shorterising are described. 

Heat Treating Steel Wire Rods in Coils for Bolt Stock. J. M. 
Brown. (Wire and Wire Products, 1936, vol. 11, July, pp. 333. 
354). (See p. 117 A.) 

Heat Treatment of Fusion Welds. A. J.T. Eyles. (Wild Bar- 
field Heat Treatment Journal, 1936, vol. 2, June, pp. 2-4). The 
importance of heat-treating structures which have been fusion- 
welded is emphasised. Suitable treatments are suggested. 

Practical Annealing of Steel Castings. J. R. Miller. (Heat 
Treating and Forging, 1936, vol. 22, Apr., pp. 188-190). The 
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benefits to be derived from annealing castings are considered, and 
suitable annealing treatments for typical carbon steels are tabulated. 

Electric Annealing Furnaces and their Heating Elements. W. 
Rohn and J. E. W. Ginger. (Metallurgia, 1936, vol. 14, May, pp. 
7-9). The authors deal with the durability and design of heating 
elements for electric furnaces, and discuss their application and 
relative cost. 

Process for Separation of Black Sheets after Annealing. (Iron 
Age, 1936, vol. 137, June 18, p. 49). This sheet separator, intro- 
duced by the Ohio Electric Manufacturing Co., Cleveland, consists 
of a lifting magnet combined with a 25-cycle A.C. Syntron hammer 
having a plunger extending through the magnet. The separator 
is lowered on to the pile of sheets, and the hammer is operated for 
a brief period; this loosens the sheets. The magnet is raised a 
few inches, in short stages, and at each stage the magnet is energised 
and de-energised. ‘The sheets are thus separated. 

The Effect of Annealing on the Length of Cold-Drawn Rods. 
K. Saito. (Science Reports of the Tohoku Imperial University, 
1936, vol. 25, pp. 128-140). The effect of annealing on the length 
of cold-drawn rods of copper, brass, iron and steel was determined. 
The release of internal stress was inferred from the change in the 
length of the rod at room temperature, after annealing for half an 
hour at different temperatures. In the case of copper and brasses 
the length of the rods contracts over the whole range of annealing 
temperature, but in the case of iron and steels it elongates in a certain 
range of temperature and contracts subsequently. ‘The temperature 
at which the internal stress is released by annealing is about 300° 
for copper, 370° for brasses and 650° for both iron and steels. 

A Continuous Bright Normalising Furnace for Hot- and Cold- 
Rolled Steel Strip. (Metallurgia, 1936, vol. 13, Apr., pp. 167-169). 
(See p. 25 A.) 

Equipment for Hardening Gears Without Oxidation. J. B. 
Nealey. (Metal Progress, 1936, vol. 29, June, pp. 45-48). The 
article describes a number of new features incorporated in the equip- 
ment of the new forging and heat-treating plant at the Chevrolet 
Parts Mfg. Division of the General Motors Corp. at Saginaw, Mich. 
A continuous normalising furnace for gear blanks, having water- 
jacketed cooling zones near mid-length and at the discharge end, 
and a unique installation for heating and quenching from lead 
baths are described. Gas is the standardised fuel throughout this 
plant. 

A Study of Hardening of High-Speed Steels. M. Suzuki and 
S. Owaku. (Kinzoku No Kenkyu, 1936, vol. 13, June 20, pp. 
223-259). The article describes an exhaustive investigation of the 
hardening temperature and the holding time, the properties of 
cooling liquids, the tempering temperature and the holding time, 
and the relation between the hardness and structure in the case of 
high-speed steels with various constituents, thus throwing light upon 
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the close relation between the constitution and heat treatment of 
various steels. 

Contribution to the Study of the Dilatometric and Magnetic 
Features of the Quenching of Approximately Eutectoid Ordinary 
Steels, and particularly of Quenching in Molten Tin at 300-325”. 
J. Seigle. (Seventh International Congress on Mining, Metallurgy 
and Applied Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, 
vol. If., pp. 111-119: Revue de Métallurgie, Mémoires, 1936, 
vol. 33, June, pp. 353-361). The author presents the results 
of an investigation carried out on a plain carbon steel of eutectoid 
composition, and compares the dilatometric diagrams obtained after 
quenching in water and after the quenching in molten tin at 300- 
320°; diagrams relating to the magnetic attraction of the material 
to the temperature are presented, and hardness tests are reported. 
In conclusion, the author offers a general explanation of the various 
conditions produced on the basis of the variation of the dispersion 
of the iron-cementite system. 

Improvement of the Mechanical Properties of High-Duty Grey 
Cast Iron by Quenching and Tempering. A. Le Thomas. (Giesserei, 
1936, vol. 23, July 3, pp. 339-341). The author reviews the various 
heat treatments which may be applied to high-duty grey cast iron 
in order to improve the mechanical properties. He also gives a 
short account of his own experiments in this direction. 
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(Continued from pp. 118 A-119 a) 


A Few Considerations for Further Research on Low-Temperature 
Steel Welding. E. Lewis. (Twelfth International Congress of 
Acetylene, Oxy-Acetylene Welding and Allied Industries, London, 
June, 1936). The object of this paper is to arouse interest and 
investigation in connection with the possibilities of low-temperature 
steel welding. The author describes the Linde welding process as 
applied to pipe-line work, using a special technique, blow-pipe and 
filler rod, and considers that the perfection of this method, enabling 
it to be applied to structural steel, large tanks, &c., would enable 
the gas process to enter fields of steel fabrication now barred to 
the industry on the grounds of low speeds, high cost and distortion. 

Electric Arc Welding of Steels other than Mild Steels. F. 
Meunier and D. Rosenthal. (Seventh International Congress on 
Mining, Metallurgy and Applied Geology, Paris, Oct. 20-26, 1935, 
Metallurgical Section, vol. II., pp. 287-292). The authors present 
a study of the nature and extent of the mechanical, physico-chemical 
and chemical phenomena, in the fusion zone and in the transition 
zone, which have an influence on the weldability of steels. Mechan- 
ical tests on welds in eleven steels (Armco iron, four carbon steels 
with varying carbon contents up to about 0-45%, and six high- 
tensile structural steels with small proportions of chromium, copper 
and/or molybdenum) are reported and discussed. 

Alloying Elements in Welding Rods. A. B. Kinzel. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding and 
Allied Industries, London, June, 1936). Silicon, manganese, 
chromium, nickel, molybdenum, zirconium, phosphorus and columb- 
ium comprise the more important alloying elements in the modern 
improved welding rods. Of these, silicon is outstanding for its 
deoxidising action in steel and copper welding and for its alloying 
benefits in aluminium welding. Manganese gives additional de- 
oxidation, and the manganese oxides form desirable slags with silica. 
Chromium, nickel and molybdenum strengthen deposited ferrous 
metal, and zirconium is an almost universal cleansing agent. Phos- 
phorus produces fluidity, both in cast irons and copper-base alloys, 
and columbium removes carbon from solid solution ig iron. These 
are the major effects. The above-mentioned elements and principles 
properly applied—singly or in combination—have resulted in major 
technical and commercial achievements. 

Filler Metal for Oxy-Acetylene Welding. Y. Mercier. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
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Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., pp. 269- 
271). The author discusses the importance of the filler rod as a 
factor in good welding, shows how progress in the industry demands 
the development of the range of filler materials at the disposal of 
welders, and indicates what considerations should direct the re- 
searches necessary for improving the range. 

Some New Applications of the Oxy-Acetylene Flame and of Oxygen 
in the Siderurgical Industry. Rochette de Lempdes. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., pp. 273- 
276). The author reviews briefly the use of the oxy-acetylene blow- 
pipe for removing surface defects from ingots, blooms, &c., as a form 
of “machine tool” instead of turning or planing (still in the experi- 
mental stages), and as a means of applying localised heat treatment. 

Oxy-Acetylene Welding and Cutting in Shipbuilding and Ship 
Repairing. British Acetylene Association. (Twelfth International 
Congress of Acetylene, Oxy-Acetylene Welding and Allied Industries, 
London, June, 1936). This report reviews the uses and possibilities 
of the oxy-acetylene flame ‘for welding and cutting in the ship- 
building industry. Some account is given of tests which have been 
made to determine the physical properties of deposited weld metal 
and the strength of the joints of various types used in shipbuilding. 
The results of these tests are given. The possibilities of the applica- 
tion of oxy-acetylene welding to the structural steelwork of ships 
and certain of the difficulties which have been met are discussed. 
The use of the oxy-acetylene flame in the preparation of steelwork 
preparatory to electric arc welding is described, and the effect of 
the alterations in the microstructure of the cut surface on electric 
arc welds is discussed. ‘The application of the oxy-acetylene weld 
to a typical joint in a ship’s structure is described, and particulars 
are given of a specimen joint which was made and tested in com- 
parison with riveted and electric arc-welded joints. Many examples 
of the use of the blow-pipe in the repair of ships and their machinery 
are given. Repairs of cast-iron and bronze propellers are described, 
and important repairs to machinery, both steam and Diesel, are 
illustrated. The possibilities of developing the use of the process 
are discussed. 

The Use of Oxy-Acetylene Welding and Oxygen Cutting on the 
Japanese Railways. H. Shibata and S. Otsuka. (Twelfth Inter- 
national Congress of Acetylene, Oxy-Acetylene Welding and Allied 
Industries, London, June, 1936). The authors present a survey 
of oxy-acetylene welding and flame-cutting practice on the Japanese 
railways. They discuss such applications as the welding of broken 
cylinders, the repair of boiler plates, smoke stacks and water tanks, 
the fabrication of steel passenger coaches, and rebuilding and dis- 
mantling. The code of practice is outlined, and a specification for 
carbide is given. A final section deals with the precautions necessary 

for the prevention of accidents. 
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Contribution to the Knowledge of Methods of Studying Welds. 
M. Smialowski and W. Sznuk. (Wiadomoésci Instytutu Metalurgji 
i Metaloznawstwa, Warsaw, 1936, vol. 3, No. 1, pp. 13-20). In the 
experiments described, three sheets of steel (carbon, 0-2), 2 mm. 
thick, were acetylene-welded, one correctly, one with an excess of 
oxygen and the third with too much acetylene in the flame. The 
welds produced were submitted to X-ray, metallographic, mechan- 
ical, electrical and magnetic tests. The agreement between the 
results given by the first three test methods was considered to be 
satisfactory; on the other hand, the electrical and magnetic tests 
appeared to be capable of revealing only large defects which in 
practice would not occur in welds. 

A Contribution to the Study of Weldability in Steels. J. Brillié 
and D. Séférian. (Twelfth International Congress of Acetylene, 
Oxy-Acetylene Welding and Allied Industries, London, June, 1936). 
With the aid of the Chevenard micro-testing machine the authors 
have made a systematic study of welded joints prepared by different 
processes and methods. The mechanical properties of thin and thick 
plates were determined from point to point by means of micro-shear 
and micro-tension test-pieces. The tests had reference to three 
grades of carbon steel, of 40, 50 and 60 kg. per sq. mm. tensile 
strength, respectively, which were welded by the oxy-acetylene 
blow-pipe, using different welding rods, and by the electric are, 
using different qualities of electrodes. ‘The authors reach the con- 
clusion that the micro-mechanical forms of test perfected by 
Chevenard offer a speedy method for determining the factors of 
weldability which are connected with the properties of the parent 
metal and with those of the welding rods or electrodes. By this 
means it is possible to select the most suitable metals and methods 
to use in welding any given steel and to determine its coefficient 
of weldability as a function of these variables. 

The Creep Limit of Oxy-Acetylene Welds. C.F. Keel. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding and 
Allied Industries, London, June, 1936). It may be inferred from 
the printed Report, No. 87, of the Federal Laboratory for Testing 
Materials (‘‘ E.M.P.A.”) that the creep limit in cast steel amounts 
to 14-8 kg. per sq. mm. at 400° C., and 4-2 kg. per sq. mm. at 500° C. 
The following values are given in the present research for butt- 
welded joints in mild steel (St.42): 10-8 kg. per sq. mm. up to 
400° C., and 3-2 kg. per sq. mm. up to 500°C. No breakage occurred 
in any of the experiments. Butt welds made by oxy-acetylene have, 
therefore, a creep strength amounting to 70-75% of that of cast 
steel. 

Shrinkages and Shrink Stresses in Fusion. (Gas Blow-Pipe 
Welding and Electric Arc Welding). S. A. Eskilson. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding and 
Allied Industries, London, June, 1936). An account is given of an 
investigation of the kind and magnitude of the various types of 
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shrinkage (transverse, transverse bending, torsion, torsional bending, 
longitudinal, and longitudinal bending) which occur during fusion 
welding. The causes of the shrinkages are discussed, and the results 
obtained by electric arc and gas welding are compared. The author 
also shows how non-uniform contraction may be avoided by the use 
of fixtures or by a predetermined welding scheme. 

Report on the Use of X-Rays in the Testing of Oxy-Acetylene 
Welds. L. C. Percival and C. C. Smith. (Twelfth International 
Congress of Acetylene, Oxy-Acetylene Welding and Allied Indus- 
tries, London, June, 1936). After referring to the scope of X-ray 
examination as applied to the testing of gas welds, the authors 
describe the equipment used and give an account of tests on welded 
specimens, and particularly a welded container, for which the results 
of radiographic and metallographic investigation were correlated. 
The “ double exposure ”’ method is explained with reference to a 
synthetic specimen containing artificially contrived defects. The 
same device is used to illustrate the occasional masking effect 
which may occur with coincident and mutually neutralising defects. 
Finally, the authors draw attention to the necessity of knowing the 
full conditions under which the radiographs have been taken if they 
are to be properly interpreted. 

Influence of Welding Methods on the Mechanical Properties of 
the Welds (Oxy-Acetylene Welding). Y. Mercier. (Twelfth Inter- 
national Congress of Acetylene, Oxy-Acetylene Welding and Allied 
Industries, London, June, 1936). The tests described in this paper 
refer to butt welding of sheet steel, type National Marine 40 (French 
Admiralty Specifications), carried out with weld metal of A. 50 grade 
(Specifications of the Association of Welding Engineers). The main 
features of the tests were the following: Three welders executed 
three series of identical weld-joints, applying the various standard 
processes of oxy-acetylene welding. Specimens were then pre- 
pared for determining the tensile strength and the resistance to 
impact and to bending. The results obtained showed, that while 
resistance to pull in a joint was constant, the angle of bend, on the 
other hand, and, above all, the impact value varied considerably 
according to the method employed. In order to increase the figure 
for these two latter mechanical properties, processes giving annealing 
effects should be employed; the “ special heat treatment ”’ proved 
very satisfactory from this point of view. The favourable influences 
resulting from annealing were gone into and confirmed by subsequent 
experiments, which proved that when welds were subjected to this 
treatment, their impact value could be increased and raised from 5 
to 15 kg. per sq. em. 
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(Continued from pp. 122 A—-135 A) 


Statistical Correlation and Metallurgical Problems. T. R. 
Hoar. (Metallurgist, 1936, June 26, pp. 134-136). In this short 
note on the application of statistical methods to the study of metal- 
lurgical phenomena the author points out that even quite small 


samples are capable of yielding useful and reliable results. The 


application by Mears, and by Hoar and Havenhand, of statistical 
analysis in connection with corrosion problems is cited. 

Further Tests on the Effect of Time in Testing. H. Quinney. 
(Engineer, 1936, vol. 161, June 26, pp. 669-673). Tests were 
carried out with the object of comparing the load/extension diagrams 
for metals stressed under different conditions with regard to time. 
Both tensile and torsion tests were performed, and the results 
obtained, the materials used (Yorkshire iron, cast steel, and mild 
steel) and the machines employed are described. The effect of 
quenching and tempering was also studied. Several load/extension 
diagrams are reproduced. 

An Improved Method for ‘ee Cast-Iron Transverse Test 
Bars. A. I. Krynitsky and C. M. Saeger, jun. (National Bureau 
of Standards Journal of Research, pny vol. 16, Apr., pp. 367-384). 
The importance of preparing cast-iron transverse test bars free from 
burnt-on sand and surface defects is discussed. A moulding 
material and casting technique which will produce such test bars in 
green-sand moulds has been developed by the authors. Test bars 
0-75, 1-2, 1-5 and 2-2 in. in dia. and 23 in. long were cast in top- 
poured and bottom-poured vertical moulds, horizontal moulds and 
inclined moulds. The effect of maximum heating temperature on 
the transverse breaking strength, hardness, primary structure and 
microstructure of test bars made by these methods was investigated. 
Bars cast in bottom-poured vertical moulds yielded the most con- 
sistent results. The transverse strength of the irons investigated 
increased with an increase in the maximum heating temperature, 
regardless of the casting method employed. A finer primary 
structure and finer graphite and pearlite constituents were found to 
be associated with higher transverse strength. 

The Elastic Modulus of Cast Irons. A. Mitinski. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 

Paris, Oct. 20-26, 1935, Metallurgical Section, vol. IJ., pp. 223- 
226). The author discusses the measurement of the elastic modulus 
of cast iron and its dependence upon the graphitisation of the iron 
and on other factors influencing the degree of graphitisation. 
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The Testing of Cast Iron by Means of Cylindrical Test-Pieces 5-64 
mm. in Diameter. P. Nicolau. (Revue de Métallurgie, Mémoires 
1936, vol. 33, May, pp. 348-352; June, pp. 393-399). In prev ious 
papers the author has shown the advantages to be derived from the 
adoption of a single test-piece for all castings in cast iron and the 
reasons for the choice of the cylindrical test-piece 5-64 mm. in dia. 
(25 sq. mm. in cross-section). The purpose of the present paper is 
to describe the machines which he has devised for the application 
the new method. After touching on the properties of cast iron, 
he refers briefly to the preparation of the test-piece, and then 
describes machines for carrying out the mechanical tests on these 
small test-pieces. 

Notes on Nadai’s Theory of Plasticity. (A Study of the Partial 
Yielding of Hollow Cylinders under Internal Pressure). K. Nagashima 
(Transactions of the Society of Mechanical Engineers, Japan, 1935, 
vol. 1, Nov., pp. 368-374). [In Japanese.] 

The Problem of the Upper and Lower Yield Point and the Breaking 
Load. G. Welter. (Wiadomosci Instytutu Metalurgji i Metaloz- 
nawstwa, Warsaw, 1936, vol. 3, No. 1, pp. 28-36). Experiments 
were carried out to determine the influence of various factors in 
the tensile test—among others, the effect of the rate of deformation 
on the results for the upper and lower yield points and the breaking 
load. (See p. 73 A.) 

Method for Determining the Resistance to Dynamic Torsion by 
the Notched Impact Torsion Test. G. Welter and J. Kucharski. 
(Wiadomogci Instytutu Metalurgji i Metaloznawstwa, Warsaw, 
1936, vol. 3, No. 1, pp. 21-24). Machine parts are often subjected 
to sudden changes of torsional stresses, but the conventional static 
torsion test gives no indication of the probable behaviour of the 
material under these conditions. In the test described, the bar is 
gripped at the ends and a short lever is attached at the mid-point ; 
one, or two, notches are cut in the bar on either side of the lever. A 
Charpy or Izod pendulum hammer strikes the lever as it passes 
through the lowest point of its swing, so causing the bar to be twisted 
to fracture. The energy absorbed in twisting the bar is calculated 
in much the same way as the energy to fracture in the Charpy 
notched-bar test. This energy to twist to fracture gives a com- 
parative measure of the impact torsion strength, and can be related 
to the cross-sectional area of the specimen so that the dynamic 
torsional strength can be expressed in kg.m. per sq. cm. ‘Test 
results obtained with carbon steels are given; for these only one 
notch was cut, as the machine was not powerful enough to cause 

fracture at two places. For steels with 0-12, 0-35 and 1-1°% of carbon 
the impact energy to twist to fracture was 16-5, 12-5 and 16-6 kg.m. 

Impact Torsion Tests. (Metallurgist, 1936, June 26, pp. 141- 
143). A review is given of a paper by M. Itihara which appeared 
in Technology Reports of the Tohoku Imperial University, 1936, 
vol. 12, No. 1, pp. 63-104. (See p. 36 A.) 
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Stress Waves in the Tyres of Locomotives. E.G. Coker and M. 
Salvadori. (Proceedings of the Institution of Mechanical Engineers, 
1935, Vol. 131, Nov.—Dec., pp. 493-512). When a locomotive 
wheel rolls on the track, the tyre is squeezed between the wheel 
centre and the rail. The former acts as a roller of variable springi- 
ness at each point of its periphery owing to its necessarily intricate 
shape, while the rail also offers a springy resistance which changes 
at every point between a pair of chairs. The result of the mutual 
pressures exerted by the wheel centre above and the rail below is to 
produce a stress wave of variable intensity in the tyre as it advances 
along the rail, with a peak value immediately over the contact area 
when no tractive effort is being exerted. A photo-elastic investiga- 
tion of one case of a stress wave travelling in a tyre is described in 
the paper as an illustration of a number of others of practical 
interest. 

Notes on Fatigue Properties of Cast Iron. H. L. Daasch. 
(American Foundrymen’s Association, May, 1936, Preprint No. 
36-13). The paper reports data of fatigue tests on two high strength 
alloy cast irons, secured in an investigation to determine the en- 
durance limit, endurance ratio, and the effect of notches on the 
endurance limit. Each cast iron was alloyed with nickel, molyb- 
denum and chromium, one iron giving a tensile strength of about 
57,000 lb. per sq. in., and the second about 44,000 lb. per sq. in. 
The endurance ratios of the two irons were found to be 0-41, and the 
endurance limits 18,000 and 24,000 Ib. per sq. in. The author 
stresses the desirability, when using higher strength cast metals, 
of recognising the importance of stress-raising notches. 

A Direct Reading Hardness Testing Machine. (Engineer, 1936, 
vol. 161, June 26, p. 687). Details are given of the construction 
and operation of a special hardness testing machine adopted in the 
National Armament Works of Belgium at Herstal for testing flat 
specimens. Two indentors, mounted on opposite arms of pincer 
levers, grip and indent the specimen on closing, a third lever 
applying the load; the penetration is indicated on a dial. 

Influence of Heat Treatment on the Hardness and Crystal Size 
of Welded Steel. S. Pilarski and K. Luboinski. (Wiadomosci 
Instytutu Metalurgji i Metaloznawstwa, Warsaw, 1936, vol. 3, 
No. 1, pp. 26-27). Steel tubes (carbon, 0:18%), 14 mm. and 27 
mm. in dia. and 0-5-1 mm. thick, were acetylene-welded; before 
welding, some were heat-treated. Hardness measurements showed 
that annealing or normalising the steel before welding had a favour- 
able influence on the hardness curves (from the parent metal across 
the weld to the other side), but had no effect on the structure of the 
zones which came under the influence of the heat of the blow-pipe. 

Nickel-Aluminium Compound a Hardener for Steel. F. B. 
Foley. (Metal Progress, 1936, vol. 29, May, pp. 53-56). An account 
of some experiments on the precipitation-hardening effect of nickel 
in conjunction with aluminium is presented. Quenching experiments 
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on an alloy containing 5-03°% of nickel and 2-59°% of aluminium 
showed that a nickel-aluminium compound, soluble in y-iron at 
high temperatures, but insoluble in «-iron at low temperatures, was 
responsible for the hardening effect observed. 

Determination of the Wear Resistance of Various Types of Steel 
for Gauges by the Skoda-Sawin Method. G. Welter and J. Kucharski. 
(Wiadmosci Instytutu Metalurgji i Metaloznawstwa, Warsaw, 1936, 
vol. 3, No. 1, pp. 7-12). The wear resistance of seven types of steel 
was determined by means of the Skoda-Sawin testing machine: 
a number of them were heat-treated in various ways, and two were 
surface-hardened by case-hardening and nitriding. The type of 
steel and heat treatment giving the lowest wear was first determined, 
and then the relationship of the wear resistance in this test and the 
hardness of the specimen was found. The wear was measured as 
the length of cut (in microns) produced by 3000 revolutions of the 
Widia disc under a load of 16-3 kg.; the error averaged 1-3%. 
The wear resistance of ordinary carbon steel (carbon, 1-1-15%) 
was 1794 vu. A high-alloy steel (carbon, 1-50-1-65°%; chromium, 
12-5-13-5%; molybdenum, 0-9-1-1%; cobalt, 1-2-1-4°%) suffered 
the greatest wear (3447 u); this steel, irrespective of the heat treat- 
ment given, offered the lowest resistance of all the types examined, 
the length of the cut ranging from 2955 » to 3447 u. Steels with 
case-hardened and nitrided surfaces possessed no superior wear 
resistance; the length of the cut varied between 2002 » and 2245 py, 
for Vickers hardnesses between 715 and 1003 kg. per sq. mm. 
Hardness tests in the cut on surface-hardened steels showed that the 
Widia disc had not penetrated through the surface layer and that 
the hardness at the bottom of the cut was the same as that at the 
surface. No close connection between the wear resistance as in- 
dicated by this test method and the Rockwell or Vickers hardness 
was found. Hard specimens could undergo heavy wear, according 
to the test conditions, and the wear resistance of equally hard steels 
could differ. 

Nitrogen Absorption Due to Wear Abrasion. (Metallurgist, 
1936, June 26, pp. 130-132). A critical review is given of 
a paper by H. Schottky and H. Hiltenkamp, which appeared in 
Stahl und Eisen, 1936, vol. 56, pp. 444446. (See p. 764.) 

An Industrial Appliance for Determining the Thermal Conduc- 
tivity of Metals up to 900°. G. Ranque, P. Henry and M. Chaussain. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., 
pp. 303-309). The apparatus is described, and some results ob- 
obtained with it (including tests on a low-carbon steel) are recorded 
and discussed. 

The Method of Thermal Autostabilisation and Long-Time Tests 
at Raised Temperatures. G. Ranque and P. Henry. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. I1., pp. 299-302). 
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The Rohn method of carrying out long-time tensile tests at raised 
temperatures, in which the maximum temperature at which the 
length of the specimen remains unaltered under a constant load is 
plotted against time, is described; the tendency for the specimen 
to expand as the temperature rises is used to regulate the temperature 
of the furnace containing the test-piece. Some results of tests made 
with the authors’ machine are recorded. 

Hydrogen as the Cause of Low Elongation and Reduction of Area 
of Steel. (Metallurgist, 1936, Apr. 24, pp. 117-119). A critical 
summary of some work by C. Drescher and R. Schafer, which ap- 
peared in Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Jan., 
pp. 327-332, is given. 

Some Observations on the Influence of Carbon on the Structure 
and Properties of Steel. E. Gregory. (Iron and Steel Industry, 
1936, vol. 9, June, pp. 381-387). In this, the concluding article 
in the series, the author considers the influence of ferrite and austenite 
stabilisers, and deals with binary and ternary alloys containing 
chromium, nickel, tungsten, aluminium and cobalt. (See p. 41 A.) 

Alloy Cast Iron. Specific Applications Committee Report. 
(American Foundrymen’s Association, May, 1936. Preprint No. 
36-12). This report is one section of a survey of alloy cast iron being 
prepared for the purpose of presenting condensed data on the pro- 
perties, foundry practice, and application of alloy cast iron. 

Silicon Cast Irons. H. Thyssen. (Seventh International 
Congress on Mining, Metallurgy and Applied Geology, Paris, Oct. 
20-26, 1935, Metallurgical Section, vol. I1., pp. 1389-149: Revue 
de Métallurgie, Mémoires, 1936, vol. 33, June, pp. 379-389). The 
author sets out present knowledge regarding the iron-carbon- 
silicon system and compares this theoretical information with the 
results of his own experimental work, with the object of giving 
manufacturers all the data accurately known, in order to guide them 
in the making of silicon cast irons, showing them in what range 
of compositions they should work, the fluidity of these alloys, the 
structures that should be produced, and the mechanical properties 
to be expected. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1936, vol. 64, May, 
pp.45-46, 110,112,115). Continuing this series of articles, the factors 
influencing the rate of cooling of castings are discussed. (See p. 131 A.) 

Cast Iron and the Engineer. A. L. Mellanby. (Foundry Trade 
Journal, 1936, vol. 54, June 25, pp. 497-501). After referring to 
the work of earlier investigators on the growth of cast iron and the 
wear of cylinder liners, the author goes on to describe, first the 
appearance of samples of cast iron taken from faulty cylinder liners, 
and then the work subsequently carried out to elucidate the problems 
raised (notably growth, wear resistance, and strength at high 
temperatures). From the results of these experiments it was found 
possible to produce a liner and piston with excellent wear-resisting 
properties and negligible growth. 
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** Ni-Hard ” Rolls for the Metal Trades. A.B. Everest. (Sheet 
Metal Industries, 1936, vol. 10, June, pp. 441-443). The properties 
and applications of “ Ni-Hard ”’ rolls for various purposes are dis- 
cussed. 

The Effects of Service Conditions on the Surface of Metals. ©. 
Blazey. (Australian and New Zealand Association for the Advance- 
ment of Science: Metal Industry, 1936, vol. 48, Mar. 6, pp. 300- 
302; Mar. 20, pp. 362-363). In discussing the influence of surface 
conditions on the behaviour of metals the author refers to the 
hardening and embrittling effect of light superficial mechanical 
work; frictional oxidation; contact corrosion, and tarnishing. 
Some practical examples from the field of non-ferrous metallurgy are 
cited. 

Stainless Steel as a Medium for Artists. (Metal Progress, 1936, 
vol. 29, June, pp. 37-39). The article describes an interview with 
a leading American artist and artificer in decorative metal work, 
who finds stainless steel an unexcelled medium for creative work. 
The three essential qualities of stainless steel for decorative purposes 
are stated to be: Corrosion resistance, tensile strength, and 
ductility. 

Stainless for Aircraft Design and Fabrication. W. L. Sutton. 
(Metal Progress, 1936, vol. 29, June, pp. 40-44). The author 
advances it as his opinion that duralumin is more economical in 
parts of aircraft carrying relatively small loads, but that stainless 
steel is more economical in the larger structures with heavier loads. 
Special reference is made to the use of 18-8 chromium-nickel 
steel. 

Corrosion-Resisting Steels for High Strength. E. E. Thum. 
(Metal Progress, 1936, vol. 29, June, pp. 49-55, 104). The 
potential strength of heat-treated stainless steel is usually neglected 
in favour of metal annealed for easy fabrication. The author of 
the present article deals with corrosion-resisting steels which must 
also maintain heavy loads, sometimes for a long time at elevated 
temperatures. 

Nickel-Containing Corrosion- and Heat-Resisting Steels. W. H. 
Hatfield. (Mond Nickel Co. ; Bureau of Information on Nickel, 1936). 
A brief account is given of the applications of corrosion- and heat- 
resisting steels containing nickel. There are two short appendices, 
on the resistance to corrosive agents, and the physical and mech- 
anical properties of the steels. 

Nickel Alloy Steels in Commercial Vehicle Construction. ©. ©. 
Hodgson. (Mond Nickel Co.; Bureau of Information on Nickel, 
1936). An account of the application of the various nickel steels 
to commercial vehicle construction is presented. 

Metals in the Chemical Industries. C. H. Desch. (Journal of 
the Society of Chemical Industry, 1936, vol. 55, June 26, pp. 169 T- 
174 T). A general survey of the part played by ferrous and non- 
ferrous metals in the chemical industries is presented. 
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The Testing of Sorbitic Steel Rails. (Engineering, 1936, vol. 
141, June 19, pp. 666-667). A brief description of the Sandberg 
regulated sorbitic process for treating steel rails is given, and this 
is followed by an account of the tests carried out on the rails. 
These consist of (a) a tensile test on a small specimen of the sorbitic 
layer on the rail head, and (6) a qualitative indentation test, in which 
crossed prisms cut from the rail heads are opposed, apex to apex, 
at an angle of 90°, and subjected to a load of 30 tons. 

Internal Fissures in Rails. J. C. W. Humfrey. (Metallurgist, 
1936, Apr. 24, pp. 120-122; June 26, pp. 137-139). The author 
first discusses the formation and occurrence of internal fissures and 
shatter cracks in rails, and then proceeds to describe the Sandberg 
heat-treatment process, devised to eliminate such defects. Pre- 
liminary experiments had shown that fissuring was associated with 
the rate of cooling of the rail head within a certain temperature 
range (550°-350° C.). In the Sandberg process cooling in the range 
550°-350° C. is retarded, and shatter cracks do not form. It is 
shown that by a study of the time/temperature and time/contraction 
curves for the rolled or forged product light may be thrown on the 
cooling conditions most likely to produce shatter; examples of the 
curves are reproduced and discussed. A theory of fissuring is also 
put forward, based on the stresses set up during cooling. 

Wire Ropes Research in Relation to Colliery Practice. M. A. 
Hogan. (Transactions of the Institution of Mining Engineers, 
1936, vol. 91, June, pp. 196-209). (See p. 79 A.) 

Hot-Formed Mechanical Springs. Manufacture and Life. A. H. 
Peycke and R. W. Clyne. (Metal Progress, 1936, vol. 29, May, 
pp. 44-49). The manufacture and durability of hot-formed elliptical 
and helical springs is discussed, with particular reference to the 
practice adopted at the Hammond, Indiana, spring works of the 
American Steel Foundries. An account is also given of some re- 
searches by the authors on the effect of corrosion on the service life 
of springs. In particular corrosion pits were found to be responsible 
for the initiation of fatigue cracks. 

Requirements of the User in Regard to Free-Cutting Steels. 
W. Pagel. (Stahl und Eisen, 1936, vol. 56, July 30, pp. 861-863). 
With free-cutting steel bars of medium diameter the user’s require- 
ments may be summarised as follows: A minimum cutting speed 
of 65 m. per min. when turning a segregated steel with high-speed 
steel tools, and 50 m. per min. with non-segregated steel; short 
brittle turnings; smooth, clean, pore-free cut surfaces; low tool 
wear; very long tool life; finely divided, uniformly distributed 
manganese sulphide; no grain-boundary cementite; no cold- 
shortness; no coarse-grained recrystallised strueture; and no 
longitudinal or transverse fissures. It is sufficient if segregated 
steels can be case-hardened; unsegregated steels must be capable 
of perfect surface hardening. The tensile strength of free-cutting 
steels should amount to 48-70 kg. per sq. mm. according to the 
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dimensions, with an elongation at fracture of 14-6% and a reduction 
of area of 45-35%. These steels must be amenable to spot-welding, 
riveting and, in certain circumstances, magnetisation. ‘The surface 
must be smooth and the dimensional tolerances small. The rods 
must be straight and free from ridges, fissures, pores and rust. It 
is desirable that it should be possible to supply such steels from 
stock, and this is facilitated by standardisation. 

Tests on Spring Materials Regarded as a Basis of Calculation. 
R. Mossoux. (Seventh International Congress on Mining, Metal- 
lurgy and Applied Geology, Paris, Oct. 20-26, 1935, Metallurgical 
Section, vol. LI., pp. 311-313). 

Complex Methods for the Study of Metallic Alloys. L. Diougatch. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. I1., 
pp. 315-321). The author points out that the conditions with which 
materials are faced in service are always more or less complex, 
and therefore the tests used to determine their behaviour should be 
designed to take account of this fact. He divides ‘‘ complex 
methods ” into two categories, (a) those in which the result of 
separate tests are correlated (“‘ consecutive or parallel methods of 
study ”’), and (b) those in which two tests are applied simultaneously 
(“ combined complex methods ’’). He reviews the results obtained 
by various investigators who have studied the relations between 
various properties. 

British Standard Specification and Sections for Flat-Bottom 
Railway Rails. (British Standards Institution, No. 11-1936). 

British Standard Specification for Galvanised Steel Wire for 
Signalling Purposes (Galvanised Steel Wire Strand and Galvanised 
Solid Steel Wire). (British Standards Institution, No. 163-1936). 

British Standard Specification for Carbon-Chromium Steel. 
(British Standards Institution, No. 681-1936). 

British Standard Specification for 3 per cent. Nickel Chromium 
Case-Hardening Steel. (British Standards Institution, No. 682- 
1936). 
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(Continued from pp. 139 A—142 A) 


Some Corrosion Phenomena of Metals Under Mechanical Stresses. 
C. A. Lobry de Bruyn. (Chemisch Weekblad, 1936, vol. 33, No. 
22, pp. 340-344). The author insists that the carbon content of 
steel does not influence its corrosion. As evidence for the influence 
of mechanical stresses on corrosion, the author adduces the fact that 
corrosion can take place along definitely orientated crystal surfaces. 
As further causes he mentions low-temperature penetration by 
other metals and the precipitation of lead from benzene containing 
tetra-ethyl-lead in the exhaust pipes of aeroplanes. Finally the 
interrelation between penetration and fatigue is emphasised. 

The Corrosion of Various Constructional Steels. J. Brillié, A. 
Leroy and A. Roux. (‘Twelfth International Congress of Acetylene, 
Oxy-Acetylene Welding and Allied Industries, London, June, 1936). 
The weldable constructional steels now in use may be classified 
under several heads : Carbon steels of low elastic limit ; carbon steels 
of high elastic limit; and steels containing added elements such as, 
for instance, copper, chromium and nickel. The sensitiveness to 
corrosion of these different steels varies greatly, and some of them 
have been specially developed from this point of view. As regards 
welding, it is important that in connections formed of these steels 
no discontinuity in the resistance to chemical attack should arise 
as a result of the weld. The present investigation has reference 
to four types of plate: Open-hearth carbon steel of 40 and of 50 
kg. per sq. mm. strength, copper steel, and chromium-copper steel. 
The connections were welded either by oxy-acetylene or by the are, 
using very different qualities of welding rods and electrodes. The 
corrosion tests were made under conditions and using reagents 
approximating to those which may occurin practice for constructional 
steels. The authors have drawn definite conclusions from the ex- 
periments as a whole, some of these relating to the general problem 
of corrosion in welds and others making it possible to select, for each 
type of constructional steel considered, a welding rod or an electrode 
which will produce a homogeneous joint from the point of view of 
resistance to corrosion. 

The Corrosion Resistance of Cast-Iron Pipes in the Soil. F. 
Winter. (Internationale Réhrenindustrie, 1936,, vol. 1, June, 
pp. 3-6). In arecent paper (see p. 139 4) Wichers described the very 
severe corrosion suffered by cast-iron pipes when buried in the soil 
at Groningen (Holland). The present author discusses Wicher’s 
observations, and concludes that the extraordinary corrosion 
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experienced in the neighbourhood of Groningen is no reason for 
doubting the general suitability of cast-iron pipes for carrying pure 
and waste water underground. 

The Destruction of Metallic Materials by Water Impact. Ex- 
periments with a Droplet Impact Apparatus. M. von Schwarz and 
W. Mantel. (Zeitschrift des Vereines deutscher Ingenieure, 1936, 
vol. 80, July 11, pp. 863-867). The authors present the results of 
their investigation of the ability of metallic materials to resist 
cavitation. In the apparatus used the test-pieces were attached 
to radial arms rotating about an axis, in such a way that they inter- 
cepted repeatedly a jet of water issuing from a nozzle; this repeated 
impact of the specimens on the jet of water constituted the destruc- 
tive agency. Most of the results recorded relate to non-ferrous 
materials, but the destruction of a case-hardened 5° nickel steel is 
illustrated. It was found that very high peak pressures of about 
30,000 atm., but of short duration and small energy content, were 
necessary to produce breakdown. The materials with restricted 
elastic deformability were broken into fragments if they were not 
capable of plastic deformation; otherwise cold-work-hardening 
occurred, until breakdown of the surface set in when the limit of 
deformation was exceeded. In materials for which the work of 
elastic deformation was greater, destruction occurred mostly at 
defects in the structure. 

The Action of Molten Zinc on Iron and Steels, Ordinary and 
Special. I. Musatti and A. La Falce. (Seventh International 
Congress on Mining, Metallurgy and Applied Geology, Paris, Oct. 
20-26, 1935, Metallurgical Section, vol. II., pp. 121-129: Revue 
de Métallurgie, Mémoires, 1936, vol. 33, June, pp. 362-370). The 
authors have carried out experiments on some ordinary and special 
steels to investigate their resistance to the corrosive action of 
molten zinc, and have determined the influence of the various ele- 
ments contained in them. Microscopic examination showed that 
the different behaviours of the various steels are related closely to 
the composition, the structure and the properties of the products 
of the corrosive action. 
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Formation of Hydrogen Peroxide in the Silver Reductor: A 
Micro-Analytical Method for Iron. C. F. Fryling and F. V. Tooley. 
(Journal of the American Chemical Society, 1936, vol. 58, May, 
pp. 826-831). An attempt to determine small quantities of iron 
by reduction with silver followed by titration with ceric sulphate 
revealed an error attributable to the formation of hydrogen peroxide 
in the reductor. By conducting the reduction in an atmosphere of 
hydrogen (thereby decreasing the reduction correction) and applying 
a correction for the indicator it was possible to determine quantities 
of iron of the order of 1-5 mg. with a high degree of accuracy. The 
method is also rapid. 

Progress in the Estimation of Gases in Steel and Ferro-Alloys 
by Vacuum-Melting. R. Castro and A. Portevin. (Archiv fiir 
das Eisenhiittenwesen, 1936, vol. 9, May, pp. 555-562). The modern 
form of a gas analysis apparatus for the investigation of steels and 
ferro-alloys by melting in vacuo in a carbon-spiral furnace, and details 
of the mode of procedure during the evolution, removal and analysis 
of the gases are described ; possible sources of error are also indicated. 
In the present furnace the resistance to the gas flow has been re- 
duced. Absorption tests with hydrogen have been carried out to 
prove the possibility of determining this element along with oxygen 
and nitrogen. 

Iodometric Method of Determining Sulphur in Cast Iron and Steels 
by Combustion in a Current of Oxygen. F. Wald. (Seventh 
International Congress on Mining, Metallurgy and Applied Geology, 
Paris, Oct. 20-26, 1935, Metallurgical Section, vol. I]., pp. 151-153 : 
Revue de Métallurgie, Mémoires, 1936, vol. 33, June, pp. 390-392). 
The apparatus used for carrying out the iodometric estimation of 
sulphur by combustion of the iron or steel specimen in a current of 
oxygen is illustrated, and the method employed is described. 

A New Recording Microphotometer and its Application to the 
Quantitative Estimation of Non-Metallic Inclusions. M. Smialowski. 
(Wiadomosci Instytutu Metalurgji i Metaloznawstwa, 1936, vol. 3, 
No. 1, pp. 45-55). An apparatus, comprising a small metallographic 
microscope, a selenium photo-electric cell, a light source, a galvano- 
meter and a registering drum, is described, by means of which the 
reflectivity of a very small area of a specimen can be measured. 
The specimen is moved to and fro and forward at the same time, so 
that a certain area is “ covered’; the record on the drum consists 
of a number of parallel lines with kinks of various»sizes in them, 
the kinks corresponding to variations in the surface of the specimen. 
Examples of the use of the apparatus for determining non-metallic 
inclusions in steel, pearlite in carbon steel, graphite in cast iron and 
the average linear crystal size in a bearing metal are given. 
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Observations on the Detector Action of Non-Metallic Inclusions in 
Steel. J. Czochralski and W. Sznuk. (Wiadomoégci Instytutu 
Metalurgji i Metaloznawstwa, Warsaw, 1936, vol. 3, No. 1, pp. 3-4). 
By means of a “ radio-microscope,” the detector powers of various 
substances which may occur as non-metallic inclusions in steel were 
tested. A very weak detector action was found for iron and iron- 
manganese silicates. However, owing to the extremely small 
dimensions in which inclusions occur in steel and the unknown effect 
of various factors on the detector action, this test method cannot 
yet be used for the identification of silicates. 

Determination of Non-Metallic Inclusions on the Surface of 
Polished Metal Specimens. J. Czochralski and W. Sznuk. (Wiado- 
mosci Instytutu Metalurgji i Metaloznawstwa, Warsaw, 1936, 
vol. 3, No. 1, pp. 5-6). Differences in the electrical resistance of 
non-metallic inclusions in metals were used as an objective method 
of determination. A sharply pointed needle was moved to and fro 
across a polished steel surface, and the deflections shown by a milliam- 
meter connected to the needle, the specimen and a 4-V. accumulator 
(through a resistance) were observed. Each decrease of the current 
was found to be related to a defect, the size of which varied with the 
extent of the deflection. The results agreed fairly well with the 
indications of macrographs. Inclusions smaller than about 0-1 mm. 
in dia. could not be detected by this method. 

A Scale for the Estimation of Slag Inclusions in Iron and Steel. 
B. Rinman, H. Kjerrman, and B. Kjerrman. (Jernkontorets 
Annaler, 1936, vol. 120, pp. 199-225). Thearticledescribesa scale for 
the estimation of slag inclusions in iron and steel, which is standard 
in Sweden. This scale consists of a series of micrographs, designed 
to show different typical fields of view, and arranged in groups 
according to the form and distribution of the inclusions, and 
numbered according to their quantity. In the practical application, 
the appearance of the specimen under the microscope is compared 
with the micrographs in the scale. 

Determining Clean Steel. ‘‘ Fox’’ Inclusion Count Method. 
(Foundry Trade Journal, 1936, vol. 55, July 16, p. 44). A system 
devised as a practical means of quantitatively determining the degree 
of cleanness of steel during routine production by micro examination 
is described. 

The Sampling of Coal in the Laboratory with the ‘‘ Cascade ”’ 
Sampler. A. Dawe and N. M. Potter. (Fuel in Science and 
Practice, 1936, vol. 15, May, pp. 128-136). ‘‘ Cascade” sampling 
machines were tested by applying the theory of errors to the results 

obtained from the repeated sampling of several coals, varying (a) 
the size/weight ratio, and (6) the degree of heterogeneity. The 
probable error was found to be simply related to the factors (a) 
and (6). Close agreement between the theoretically determined 
and experimentally observed errors confirmed the efficiency of the 
cascade sampler. A comprehensive set of tables for use with the 
‘* Cascade ”’ sampling machine is given. 
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Bootu, L. Foundry Calculations and Drawing. A Handbook 


for Moulders, Pattern Makers, and Students of Foundry 
Practice. 8vo, pp. ix + 133 with 71 illustrations. London, 
1936 : Charles Griffin & Co., Ltd. (Price 4s.) 

Tn his foreword Dr. Percy Longmuir refers to ‘‘ the natural reluctance 
of foundry workers to work out a sum or attempt a sketch.” Artisans 
and students who desire to take a greater interest in their work can no 
longer plead the absence of a book to meet their needs. Mr. Booth’s 
book introduces the underlying sciences in a clear, direct and interesting 
manner, related to everyday problems of immediate interest to shop 
men. 

The first chapter leads up to the use of the slide rule, which the 
reviewer agrees should be in more extended shop use. Elements of 
mathematics and mechanics are treated with a view to the solution 
of simple foundry problems, and the student is instructed how to make 
a sketch that can be interpreted by the pattern maker. Graphs are 
treated with a view to their ease in foundry calculations and the 
examples of weight estimating are essentially practical, as also are 
those on the calculation of cupola and crucible charges. The section 
on combustion problems might with advantage be expanded into a 
separate chapter. 

The book is well printed and “ easy to read,” and should be of use 
to teachers of foundry subjects, especially in the Midlands, where 
increased attention to the application of science in the foundry is 
noticeable at the present time. 

It is a pity that there are not more classes for foundry workers in 
London, but firms apparently prefer to train their own workers. They 
may, however, with advantage direct the attention of their young men 
to this book. as ae, aS. 


Hansen, M. ‘“ Der Aufbau der Zweistofflegierungen. Hine Kritische 





Zusammenfassung.” 8vo, pp. xv + 1100. Illustrated. 
Berlin, 1936: Julius Springer. (Price 87 marks.) 

This mighty work represents a critical survey of all original data 
which have been published up to the autumn of 1935 on the subject 
of the binary systems of metals. Publications later than the date 
mentioned have been included in the form of an addendum at the end 
of the sections of the respective binary systems. 

As a book of reference this volume is invaluable since in it are to be 
found, in a concise and critical form, all data relating to each known 
binary system of metals, together with a complete Ist of references 
(with occasional comments). 

The book has been written with the view that a critical survey of 
binary systems, such as is now put forward, will attract a larger circle 
of readers and hence a wider dissemination of the vast amount of 
knowledge which exists about equilibrium diagrams. The author 
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wishes to spare the reader the search for data which may be obscurely 
hidden in an original publication and has therefore gathered together 
all available information in a compressed form, which gives the facts 
obtained and the opinions advanced by various investigators. 

Those seeking information about any binary system will find this 
book absolutely invaluable, for it will save them much labour and at 
the same time give them all the facts they may need. On the other 
hand this does not preclude them from turning to original work, should 
they need more detailed knowledge; but will guide them to where that 
information will be found. 

The figures in the text are based on well-established facts, and where 
uncertainties exist regarding the equilibrium of certain portions of a 
diagram this is clearly indicated both in text and figure. In cases 
where a portion of the diagram is extremely complex and there is 
divergence of opinion, more than one diagram of that section is given. 

Dr. Hansen is to be congratulated on the masterly way in which he 
has dealt with his subject : he has produced a book of reference which 
ought to be in the library of every metallurgist. M. L. V. G. 


Epstein, 8. “ The Alloys of Iron and Carbon.”’ Vol. 1. Constitu- 
tion. (Alloys of Iron Research, Monograph Series. F. T. 
Sisco, Editor). 8vo, pp. xii+ 476. Illustrated. New 
York and London, 1936: McGraw-Hill Publishing Co., Ltd. 
(Price 30s.) 

The importance of a correlation and critical summary of the know- 
ledge bearing on the constitution of the iron-carbon alloys needs no 
emphasis. These alloys are the most important group of metals 
known, and the increasingly useful alloy steels and cast irons are to a 
large extent simply iron-carbon alloys modified by other elements. 
Much of the usefulness of these alloys and the more complex alloys 
based on them derives from the fact that their constitution, and there- 
fore their properties, may be varied by heating and cooling under con- 
trolled conditions, and it is because of this that so much attention has 
been given to the study of the subject surveyed in this volume. Such 
masses of data have in fact been accumulated and such varied opinions 
expressed that the preparation of a critical review, however much it 
was needed, must have been a formidable undertaking. It would have 
been easy to make this book a collection of conflicting data and con- 
trary opinions and not much more difficult to have presented an 
individual view of the subject, but to consider the field as a whole, to 
emphasise this and reject that, and build up a picture of the subject 
as it stands to-day without too obviously adopting one view as opposed 
to others, or devoting too much space to controversial points is a difficult 
task which the author has accomplished remarkably well. He has 
clearly been guided by what may be described as prevailing opinion, 
that is to say, he has not approached the subject as one prepared to 
consider all the experiments that have ever been done and all the 
opinions that have ever been expressed and to evaluate them on his 
own responsibility. Rather, he has given most prominence to the 
investigations and theories that have been most widely accepted and 
dealt with others as variants of these. Thus despite the fact that the 
book deals with many controversial topics and contains conclusions 
that might be argued, on most points informed opinion would be on the 
side of the author. Itis obvious, of course, that this volume should have 
preceded others in the series, particularly that dealing with the alloys 
of iron and silicon, but its preparation clearly involved more difficulty 
than that of the others, and despite the amount of work that had 
previously been done there is no doubt that some comparatively recent 
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investigations have done much to clarify difficult points. With regard 
to the arrangement of the book it need only be said that after an 
introductory chapter three are devoted to the iron/iron-carbide diagram 
and one to the iron-graphite diagram. Following this the effect of the 
rate of cooling and tempering are considered in two chapters, then 
attention is devoted to macrostructure and microstructure. These 
seven chapters (2 to 8) cover what is generally regarded as the con- 
stitution of the iron-carbon alloys and in the next four other aspects, 
such as the effect of mass and furnace atmosphere, quenching media, 
quenching stresses, segregation and banding, inclusions, grain-size, 
ageing, &c., are considered. In a second volume now in course of 
preparation the properties of the alloys will be dealt with: mean- 
while all those interested in the constitution of cast iron and steel 
must feel indebted to the author of the present volume for the care 
he has taken in selecting and assembling data and for his earnest en- 
deavour to present an acceptable account of the subject as it stands 
to-day. J. M. Ropertson. 


Nrezotp1, O. ‘“‘ Ausgewdhlte chemische Untersuchungsmethoden fiir 





die Stahl- und LHisenindustrie.”” Sm. 8vo., pp. vi + 152. 
Berlin, 1936: Julius Springer. (Price 5.70 RM.) 

This is a small book of 152 pages, but contains a great deal of 
information in a compact and convenient form. It is divided into three 
parts: (1) Iron and Steel, including ferro-alloys; (2) Non-ferrous metals 
and alloys; (3) Slags, ores and fuels. There is also an appendix on 
the preparation of solutions. 

Apart from its industrial interest, the book should be of service in 
the training of chemists, as it not only advises on such subjects as 
the flasks and vessels to use, the quantity of reagents, methods of 
filtering, &c., but also explains the reactions occurring. The methods 
of analysis recommended are in use in the author’s laboratory and have 
been chosen for their simplicity and quickness. They are put forward 
as a contribution to the standardisation of analytical methods. 

As one would expect in a small volume, space does not permit 
the discussion of analyses infrequently called for, such as the determina- 
tion of oxygen and rare metals in steel, but as the methods described 
cover ordinary requirements in an iron and steel laboratory, and are 
founded on the experience of the Borsig works, the book should prove 
of interest to the large number of chemists who now read German. 
7. 4. 5 
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Notes on Some Foundry Refractories. J.D. Sullivan. (American 
Foundrymen’s Association, May, 1936, Preprint No. 36-21). The 
refractory requirements and life of the most important iron and 
steel and foundry furnaces are discussed. The effect of refractory 
developments of the past decade on refractory life and furnace 
performance are considered. 

Some Factors Affecting the Durability of Refractories. J. F. 
Hyslop. (Metal Treatment, 1936, vol. 2, Summer issue, pp. 86-88). 
In this article the factors affecting durability, 7.e., refractoriness, 
thermal expansion, strength, and resistance to thermal shock, 
corrosion, abrasion and furnace atmospheres, are considered in 
relation to the behaviour of refractories of various types. 

Experiments on the Testing of, and the Effect of Reducing Gases 
on Grog Bricks for Blast Furnaces. Y. Tadokoro. (Chemical 
Engineering Congress of the World Power Conference, 1936). The 
first part of this paper contains a critical discussion of physical 
and mechanical tests applied to some thirty different bricks. There 
follows an exposition of the method adopted to determine the 
disintegration of the bricks caused by heating them in carbon 
monoxide. 

The Ramming of Blast-Furnace Hearths and Boshes with Car- 
bonaceous Ramming Material. I. Weinges. (Stahl und Eisen, 
1936, vol. 56, July 23, pp. 845-847). The author describes the 
construction of a jointless lining to the bottom, hearth and boshes 
of a blast-furnace. The ramming material consisted of a mixture 
of ground coke and tar. Experience has proved that the lower 
part of the furnace is not only very strong, but that it also offers 
the greatest security so far known against break-outs. Prolonged 
damping-down of the furnace has no detrimental effect on the 
lining. 

Pouring Pit Refractories. E. E. Callinan. (Iron and Steel 
Engineer, 1936, vol. 13, Aug., pp. 15-17). The importance of 
factors affecting pouring and teeming conditions in alloy steel 
production has drawn attention to the refractories used in these 
operations. The author reviews the effect of pouring pit refractories 
on steel quality, and considers the problem of non-metallic inclusions. 

The Behaviour of Runner Bricks during the Casting of Steel 
Ingots. H. Golla and K. Kohler. (Stahl und Eisen, 1936, vol. 56, 
July 9, p. 796). After pointing out the numerous factors affecting 
the life of runner bricks, the authors give a brief account of the 
results of tests carried out on such bricks; their life was judged 
by noting the increase of section of the steel runner over that of the 
original brick and also by observing the surface condition. Three 
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series of tests were made; in the first, the clay content was varied 
to determine any influence on the resistance to chemical attack ; 
in the second the porosity differed ; and in the third series the bricks 
had been fired at progressively increasing temperatures. Graphs 
show that increasing Al,O, content decreased the life; increasing 
porosity also decreased it, very slowly at first, then a little more 
rapidly ; higher firing temperatures increased the life. The primary 
factor in the life of the bricks was their composition. 

Overcoming Spout Trouble by Use of a Monolithic Trough 
Tile. J. A. Bowers and C. Green. (American Foundrymen’s 
Association, May, 1936, Preprint No. 36-16). This paper de- 
scribes how certain difficulties encountered in a peculiar arrange- 
ment of a hot metal trough were overcome by the use of a specially 
designed trough tile. Tests were made on the refractory material 
until a composition giving the desired properties was secured. The 
special tile yielded a decided saving in material and labour. 

Further Tests with Special Fireproof Bricks in Electric Furnace 
Arches. H. Kral. (Stahl und Eisen, 1936, vol. 56, Sept. 3, 
pp. 1000-1002). Earlier and present tests show that none of the 
arch materials, which have so far been used as substitutes for 
silica bricks, meet all requirements. This is partly due to their 
low durability, and partly to the fact that the melting or brittle 
brick adds undesirable impurities to the steel bath. Finally, the 
cost of the substitutes is considerably higher than the present- day 
cost of silica. The problem of finding a refractory and economic 
material for the arches in basic electric furnaces is thus still unsolved. 

Using Refractory Concrete in Annealing Furnaces. (Steel, 
1936, vol. 99, Aug. 3, pp. 34-37). The article surveys the various 
uses of refractory concrete in annealing furnaces. 

Gas Retort and Coke Oven Repairs by Cement Spraying. E. J. 
Crawley. (Gas World, 1936, vol. 105, July 25, p.79). Spraying of 
cement directly on to the hot brickwork is stated to produce a 
definite saving in both time and labour. The characteristics of the 
most suitable cement are enumerated and the spraying machine 
is described and illustrated. A big future is claimed for the process. 

Properties of Insulating Refractories. S. M. Phelps. (Heat 
Treating and Forging, 1936, vol. 22, May, pp. 251-253). Some 
load tests, carried out on bricks heated uniformly throughout or 
on one face alone, are described. In the light of the results thus 
obtained it is suggested that it is unreasonable to test insulating 
bricks at a high and uniform soaking heat; if, however, the con- 
ditions are made to simulate those which obtain in actual practice 
(t.e., heating on one face alone), satisfactory results are obtainable. 
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Secondary Standardising Medium for Combustion Calorimeters 
for Gases and Vapours. The Heat of Combustion of Iso-pentane 
Vapour. W. A. Roth and H. Pahlke. (Angewandte Chemie, 
1936, vol. 49, Aug. 15, pp. 618-619). Iso-pentane vapour is sug- 
gested as a secondary standardising medium for flow calorimeters. 
For a final temperature of 20-5° C. its heat of combustion at constant 
volume was determined as 11,690 + 5 cal. per g.; the heat of 
combustion at constant pressure was 11,722 + 5 cal. per g. of 
vapour. 

Gas Burners. G. Neumann. (Stahl und Eisen, 1936, vol. 56, 
Aug. 20, pp. 941-952). The frequently arising question of the 
relative merits of low-pressure gas fan blast burners and _high- 
pressure gas air-suction burners is dealt with in considerable detail. 

Suspended Arches for Combustion Chambers. (Foundry Trade 
Journal, 1936, vol. 55, Aug. 20, p. 139). The article describes an 
important advance in the field of the suspended arch for combustion 
chambers. A number of advantages are enumerated. 

The Mathematical and Graphical Representation of Gas Radiation. 
H. Schwiedessen. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
July, pp. 19-28). The determination of the amount of heat trans- 
mitted by gas radiation by known methods is still so bothersome 
that in many cases in practice little or no account is taken of gas 
radiation. By means of approximate equations the author has 
succeeded in representing the amount of heat transmitted mathe- 
matically and diagrammatically in such a way that only four 
factors have any effect on the results; viz., the sum of the tem- 
peratures of the gas and of the surfaces on which it is radiating, 
the product of the partial pressure and of the thickness of the layer 
of the gas, and two “shape ”’ factors. As a result, the heat transfer 
for carbon dioxide and for steam is expressed by two simple equations. 
Evaluation is effected by means of diagrams in which the two 
“ shape ”’ factors are given as functions of the product of the partial 
pressure and thickness of the layer of the gas. Further diagrams 
for the waste gases from fuels of practical importance (coke-oven 
gas, blast-furnace gas, producer gas) have been developed. 

Boiler Plant Modernisation Highly Profitable. (Blast Furnace 
and Steel Plant, 1936, vol. 24, June, p. 517-520). A convincing 
example and proof of great economies and highly satisfactory 
results as effected by the modernisation of boiler plant equipment 
is given. In the case illustrated it was found possible to replace 
five boilers by one, with more efficient operation and large savings. 

Analysis of Electric Power Costs. J. W. Bates. (Iron and 
Steel Engineer, 1936, vol. 13, July, pp. 10-19). The author com- 
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pares the self-generating and purchasing methods of obtaining 
electric power from the point of view of cost in the three cases of 
normal full operation, partial operation, and shut down. 

Coal and Coke: Occurrence, Testing and Utilisation. A. C. 
Fieldner and W. A. Selvig. (American Society for Testing Materials, 
Symposium on Industrial} Fuels, 1936, Jan. 21, pp. 1-28). The 
authors review the history of American coal and survey the entire 
industry in its principal ramifications. 

Notes on the Occurrence of Phosphorus in Fusain. A. H. 
Edwards and J. H. Jones. (Journal of the Society of Chemical 
Industry, 1936, vol. 55, July 10, pp. 1867-1897). The occasional 
variability in the phosphorus content of coal from certain seams 
in north-west Durham led the authors to make a chemical and 
microscopical investigation of the coal. The trouble was traced to 
the presence of large wedges or lenticles of fusain abnormally rich 
in phosphorus. 

New German Technical Development in the Use of Low-grade 
Fuels. (Pulverising and Firing in One Process). B. Kramer. 
(Chemical Engineering Congress of the World Power Conference, 
1936). This is essentially a descriptive paper, and deals with the 
earlier and later examples of the “grinder furnace” or “ mill 
furnace ’’ for steam raising, which pulverise and fire in one process. 

Laws Governing the Drying of Solids. K. Krdll. (Zeitschrift 
des Vereines deutscher Ingenieure, 1936, vol. 80, Aug. 8, pp. 958— 
962). The present state of knowledge on the drying of solids is 
indicated, and the results of Sherwood’s experiments are compared 
with those of German workers. For certain materials it is 
possible to compute mathematically the course of the drying 
process by means of the laws given. However, certain basic 
phenomena require further investigation. 

Treatment of Washery Water. L. W. Needham. (Colliery 
Guardian, 1936, vol. 153, July 31, pp. 191-197). The practical 
aspects of flocculation in the treatment of washery waters’ are 
dealt with under the sub-headings of : Condition of washery water, 
flocculation with electrolytes and other colloids, and observations on 
the properties of flocculated suspensions. 

The Coke Industry in Japan. T. Kuroda. (Fuel in Science and 
Practice, 1936, vol. 15, July, pp. 186-192). The coke industry in 
Japan is surveyed statistically, and coke-ovens, coke-oven accessories, 
and the production of gas and by-products in Japan are discussed. 

Coke-Oven Reconstruction. (Coal Carbonisation, Supplement to 
Colliery Engineering, 1936, vol. 2, July, pp. 129-136). An account 
is given of a particularly interesting reconstruction carried out at 
the Grassmoor colliery. The scheme includes a benzole rectification 
plant and a gas purifying and boosting plant supplying gas for 
sale. Other developments are still in prospect, but the recon- 
struction has now been carried to a point at which a co-ordinated 

scheme is evident. 
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Relations between the Swelling Pressure of Coal and Coke-Oven 
Operation. B. Hofmeister. (Stahl und Eisen, 1936, vol. 56, 
July 30, pp. 857-861). In the past the swelling of coals during 
coking has been determined principally in laboratory tests; deter- 
minations in the coke-oven are difficult to carry out. As a prophyl- 
actic measure the current consumed by the coke pusher can be 
observed. Such observations have shown that the sequence in 
which the ovens are discharged and other operating factors have a 
marked influence on the difficulties arising out of the swelling of 
the coal. By working to a definite operating programme, which 
depends also on the size of the group of ovens, these difficulties 
can be minimised. 

The Mechanical Properties of Coke and Present-Day Researches 
on the Transient Fusion of Fat Coals. A. Gillet. (Revue Univer- 
selle des Mines, 1936, vol. 12, July, pp. 269-281). The author 
reviews the principal methods in use to-day for studying the transient 
fusion of coals. He emphasises the importance of two new charac- 
teristic features: A real fusion of fat coals, with a characteristic 
temperature of real fusion; the duration of this true fusion, equally 
characteristic and specific, at the end of which the fused coal 
solidifies again, although at this moment it has lost only a very 
small proportion of its volatile matter. The author explains how 
this duration of true fusion must be the determining essential 
factor in the agglutination index already known. He then describes 
how use can be made of information gained in the laboratory to 
analyse with greater precision the transformations taking place in 
the coal within the coke-oven, to fix the optimum conditions for 
and the results of this transformation so as to make ‘“ good coke,” 
and to select the most suitable coals. In the light of his own 
researches and on the basis of approximations made of the results 
of others who have worked in this field, the author attempts to 
give a qualitatively complete picture of the transformations which 
occur, in the transient fusion of coal. 

Carbonisation of Scottish Cannel. J. Jamieson and J. G. King. 
(Fuel Economist, 1936, vol. 11, July, pp. 376-380). This article 
is one of a series and deals particularly with the tar from New- 
battle cannel and the hydrogenation of the tar. 

Testing of the Low-Temperature-Carbonisation and Coking 
Properties of Finely-Powdered Coals and also their Suitability for 
Electrode Carbon. H. Ménnig. (Gliickauf, 1936, vol. 72, Aug. 1, 
pp. 752—757). The author describes a simple apparatus for deter- 
mining the primary tar content of coals and other fuels in a few 
minutes and on very small quantities. With this apparatus the 
resulting coke can also be examined, particularly in regard to its 
suitability for use as electrode carbon. Owing to the property of 
certain coals, when very finely powdered, of shrinking during low- 
temperature carbonisation and coking, electrode carbon can be 
prepared without a binder. 
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Low-Temperature Carbonisation. (Colliery Guardian, 1936, vol. 
153, July 3, pp. 1-3). A test on the low-temperature carbonising 
plant of the Coal Research Syndicate, Ltd., Mansfield, is reported. 
The layout of the plant is described first; then follows an account 
of the method of conducting the test and of the results obtained. 
In conclusion, some general observations on the operation of the 
plant are made. 

Smokeless Fuel. C. P. Finn. (Coal Carbonisation, Supplement 
to Colliery Engineering, 1936, vol. 2, July, pp. 137-139). The 
author discusses the application of coke-oven practice to the pro- 
duction of semi-coke. A medium-temperature carbonisation plant, 
as recently erected in France, is described. The process is adapted 
for large production, while the plant need not necessarily be located 
at the colliery, so that a central plant can deal with the output from 
various mines. The flexibility and ease of control are emphasised. 

The Chemical Nature of Coke. H. L. Riley. (Coke Oven 
Manager’s Association and the Society of Chemical Industry, Apr. 
30, 1936: Gas World, 1936, vol. 105, July 4, Coking Section, pp. 
17-22). The author points out that the reactivities of different 
forms of carbon towards chemical oxidising agents differ widely, 
according to the variety of carbon and nature of the reagent. He 
then proceeds to discuss the chemical structure of carbon on the 
basis of the behaviour of the aromatic compounds. It is shown that 
traces of hydrogen in the graphite lattice play an important part 
in determining the physical and chemical properties of the carbon. 

The Form of the External and Internal Surfaces of Coke. H. 
Landmann. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
July, pp. 1-10). The combustibility of coke is largely dependent 
upon the form of the internal and external surfaces, and can be 
expressed by definite physical quantities. These are, in the first 
place, the extent of the surfaces and the accessibility of the macro- 
and micro-pores, by which, not only the structure of the coke, but 

also the ignition point and the reactivity are determined. By 
the use of new investigational methods and the improvement of 
older ones, it has been possible to examine the influence of the 
above-mentioned factors on a laboratory scale. A comparison with 
practical conditions was not made, nevertheless practical conclusions 
were drawn from the experiments. 

The Wet Purification of Coke-oven Gas. H. A. J. Pieters. 
(Chemical Engineering Congress of the World Power Conference, 
1936). This paper deals with the removal of hydrogen sulphide from 
coke-oven gas by scrubbing the gas with a slightly alkaline solution 
containing a compound which acts as an oxygen carrier, to oxidise 
the hydrogen sulphide to sulphur, and which is regenerated by 
aerating the liquid. Various compounds which may be used for this 
purpose are discussed. 

Coal as a Source of Liquid Fuel. R. Lessing. (Journal of the 
Institution of Petroleum Technologists, 1936, vol. 22, Aug., pp. 
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577-582). This is a summary of the fundamental principles involved 
in the conversion of coal into liquids. Attention is paid to the suit- 
ability of coal for the various modes of liquefaction, and the reactions 
of dehydration, dehydroxylation, dehydrogenation, autoxidation, 
and scission of carbon compounds. 

Liquid Fuel from Coal Obtained by Low-Temperature Carbonisa- 
tion. W. A. Bristow. (Journal of the Institution of Petroleum 
Technologists, 1936, vol. 22, Aug., pp. 583-594). The author reviews 
the present state of the low-temperature carbonisation industry 
and describes a method of carrying out the process on a commercial 
scale. 

Industrial Fuel Oils. H. V. Hume. (American Society for 
Testing Materials, Symposium on Industrial Fuels, Jan. 21, 1936, 
pp. 29-45). This paper deals with the various types of fuel oil, 
their tests, utilisation, and economic aspects. 

Liquefied Petroleum Gas. W.H. Bateman. (American Society 
for Testing Materials, Symposium on Industrial Fuels, Jan. 21, 
1936, pp. 61-70). This is a general review of the liquefied 
petroleum gas industry, and includes the commercial specifications 
and tests. 

Liquefied Petroleum Gases. M. J. Conway. (Iron Age, 1936, 
vol. 138, July, 23, pp. 30-33). A general review of the industrial 
uses of liquefied petroleum gases as used for cutting risers from 
castings, scarfing, and the cutting of slabs up to 26 in. thick. 
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System of Blast-Furnace Charging. A. J. Boynton. (Blast 
Furnace and Steel Plant, 1936, vol. 24, July, pp. 603-606). The 
author deals with the subject of blast-furnace charging and operation, 
and proposes certain means of effecting an expected improvement in 
practice, particularly with respect to coke consumption and flue 
dust losses. He anticipates an increase of stock line diameters with 
a consequent reduction of the velocity of gases through the top and 
of flue dust, avoidance of the present-day complications in gas 
washing, and an increased economy in the use of fuel. 

Direct-Flow Blast-Furnace Tuyere is Built with Doubie Com- 
partment. (Steel, 1936, vol. 99, Aug. 3, p. 43). A recently 
introduced direct-flow blast-furnace tuyere is described. The new 
tuyere provides a definite and effective means for direct circulation 
of the cooling water around the nose, while any bubbles formed on 
the interior surface of the tuyere are eliminated as soon as formed. 

Blast Conditions at Tuyeres. (Iron and Coal Trades Review, 
1936, vol. 133, Aug. 7, p. 213). A system of measurement is 
described, which offers a means for determining the blast require- 
ments of the separate tuyeres, in relation to the efficient operation 
of the furnace, and indicates whether cold blast is required, less 
blast, or a richer blast by the addition of oxygen. This metering 
system, which permits a comprehensive survey of the conditions 
throughout the blast system of a blast-furnace, was evolved by the 
Réchling Iron and Steel Works. 

Coke Saved, Hazard Reduced by Safety Blowpipe for Blast 
Furnaces. F. L. Prentiss. (Iron Age, 1936, vol. 138, Aug. 6, 
pp. 28-30, 94). The author describes a safety blowpipe for blast- 
furnaces which is designed to eliminate the long-standing hazard 
of being burned in blast-furnace operation, and is also claimed to 
result in a marked increase in the efficiency of the furnace by a 
saving in the coke consumption and of heat at the tuyere. 

Blast-Furnace Practice in the Light of Recent Research. R. H. 
Hacking. (Proceedings of the Cleveland Institution of Engineers, 
Session 1935-36, No. 6, pp. 345-364). In this paper the author sets 
out to give a topical view of the subject of blast-furnace practice in the 
light of recent research. He emphasises the importance of the 
reaction velocities. The paper continues with a section devoted 
to the exploration of conditions inside the blast-furnace, and con- 
cludes with some notes on “ direct ’’ reduction in the hearth and 
bosh. 

Application of Mensuration to the Operation of the Blast Furnace. 
(Stahl und Eisen, 1936, vol. 56, July 16, pp. 809-815). This paper 
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constitutes Report No. 153 of the Blast-Furnace Committee, and 
Communication No. 231 of the Warmestelle, of the Verein deutscher 
Kisenhiittenleute. The matters discussed include innovations in 
the carrying-out of measurements; the usual measurements made 
in blast-furnace operations; the making of the measurements; 
the relationship between the working of the furnace, the composition 
and temperature of the gas, the stack temperature, and the amount 
of blast passed by the individual tuyeres; and the supervision of the 
operation of the hot-blast plant. 

Experiments on the Recovery of Zinc from the Throat Dust from 
Iron Blast Furnaces. O. Johannsen. (Angewandte Chemie, 1936, 
vol. 49, July 18, pp. 478-480). In blast-furnace operation the zinc 
is carried off with the throat dust, and is found in the lightest 
fractions, of which the finest particles are of ultra-microscopic size. 
This fine dust can only be caught in filter plants. At an ironworks 
in the Saar, it was found that of 244 tons of zinc fed into the furnace 
in the charge, 112 tons were recovered from the 400 tons of dust 
collected in the filters; the remaining zinc was distributed in the 
proportion of 62 tons in the 41,000 tons of pig iron made and 70 
tons in the 35,000 tons of slag produced. The author describes the 
recovery of the zinc from the dust by the Schnabel process, in which 
extraction is effected with an ammoniacal solution of ammonium 
carbonate. 

Old Church Towers of Bloomery-Slag Bricks. B.Osann. (Stahl 
und Eisen, 1936, vol. 56, Aug. 6, p. 906). There are several church 
towers in the Liineburger Heide district of Germany which are 
built of bricks made of bloomery slag. The author gives the 
analysis of a specimen from the church tower in Bothfeld, and 
discusses it. These slag bricks are very strong; the churches in 
question are very old, and they appear likely to last for many 
centuries more. 

Frederick the Great and the Iron Industry. H. Dickmann. 
(Stahl und Eisen, 1936, vol. 56, Aug. 13, pp. 917-920). A short 
review of the iron industry of Prussia under Frederick the Great ; 
the one-hundred-and-fiftieth anniversary of his death occurred on 
Aug. 17, 1936. 

The Responsibilities of the Works Management of an Ironworks. 
K. Rummel. (Stahl und Eisen, 1936, vol. 56, July 23, pp. 833- 
845). The author pleads for the re-organisation of the existing 
Works Management in order that itshall provide not only supervision, 
method, or formula, but also a mode of thought, a special way of see- 
ing and dealing with things, and a co-ordinating centre. From the 
officials in such a Works Management the writer requires: 1. 
Insight and Thoroughness; 2. Economic Thinking; 3% An Eye for 
the Essential; 4. Systematic Thinking; 5. Tact and Modesty ; 
6. Forcefulness; 7. Knowledge of Time Study; 8. Knowledge of 
Planning and Draughting; 9. Knowledge of Nomography; 10. 
Knowledge of Industrial Physiology and Psychology; 11. Know- 
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ledge of Accounting and Book-keeping; 12. Knowledge of the 
Elements of Statistics. 

Economic Aspects. K. Rummel. (Archiv fiir das Eisenhiit- 
tenwesen, 1936, vol. 10, Aug., pp. 73-84). The author deals in 
detail with the characteristics of economic thinking, and postulates 
as fundamentals in the calculations required, the comparative study 
of costs and return. He further includes the period over which the 
depreciation of plants may be written off, the servicing of loans, 
the uncertainty of basing calculations on future possibilities, and 
the attention needed for basic questions, such as labour, raw 
materials, &c. 
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(Continued from pp. 150 a-153 a) 


The Manufacture of High-Duty Cast Irons. Dudouet. (Associa- 
tion Technique de Fonderie, Mar. 7, 1936: Arts et Métiers, 1936, 
vol. 89, July, pp. 158-159). After indicating the various factors 
entering into the melting of cast iron which will influence its pro- 
perties, the author discusses briefly the production of high-duty 
cast iron, in the cupola and by the duplex process. 

Section Susceptibility of Metals and Alloys. E. Séhnchen and 
E. Piwowarsky. (Zeitschrift des Vereines deutscher Ingenieure, 
1936, vol. 80, Aug. 1, pp. 933-936). After touching on the numerical 
expression of the property of section or wall-thickness susceptibility 
and reviewing methods of determining it, the author discusses the 
influence of the composition of the metal, heat treatment and 
melting and casting conditions on the section susceptibility of various 
materials, including cast iron and cast steel and also Armco iron. 

The Manufacture of Intricate Thin-Walled Steel Castings. K. 
Hunter and J. McArthur. (Foundry Trade Journal, 1936, vol. 55, 
July 23, pp. 62-65; July 30, pp. 77-80). The range covered by 
this paper extends from the production of small castings weighing 
a few pounds, and having portions only } in. thick, to considerably 
heavier castings weighing up to approximately 38 cwt. and with 
a thickness of up to} in. It deals with the difficulties experienced 
in the production of thin-walled castings, which are intensified 
owing to their geometry, under the headings of : Maintenance of 
size, prevention of hot tears, gating of the casting, choice of 
moulding method, steel requirements, moulding and core sand, 
horizontal turbine pump framing, vertical turbine pump framing, 
gearcase, nozzle segment, combined bedplate and end casing, 
and diesel engine crankcase. 

Streamline Your Steel Castings. RK. L. Collier. (Iron Age, 
1936, vol. 138, Aug. 6, pp. 38-39, 104). Most mechanical engineers 
are called upon at one time or another to design steel castings for 
use as integral structures or in composite assemblies. In this 
article the author outlines some practical considerations relating 
to steel casting design, which may assist those who are occasionally 
faced with such problems. 

Various Methods for Removing Unsound Spots in Castings and 
other Parts. (Giesserei, 1936, vol. 23, July 31, pp. 385-388). It 
not infrequently happens that castings and other parts are rejected 
because the hydraulic test has revealed small unsotind or porous 
spots. In this article a number of works methods of eliminating 
these defects by simple means are described. 

Airless Sand-Blasting. (Foundry Trade Journal, 1936, vol. 55, 
July 16, p. 43). The article states the advantages of a new type 
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of sand-blasting machine, in which the stream of sand or abrasive 
is directed upon the work by centrifugal force instead of (as formerly) 
by compressed air. 

Dimensional Tolerances for Castings (with Particular Reference 
to Malleable Cast Iron). (Foundry Trade Journal, 1936, vol. 55, 
Aug. 6, pp. 99-101, 105; Aug. 13, pp. 125-128). This report deals 
with the permissible variations in the dimensions of castings. After 
reviewing the existing specifications for castings of malleable cast 
iron, grey cast iron, and steel, the authors consider the factors 
which govern the size of a casting and the variables introduced 
by production methods. The inclusion of defined limits in a 
dimensions clause is advocated as protecting the founder against 
unreasonable demands and unwarranted rejections and safeguarding 
the buyer from undesirable inaccuracies. 

Sand Testing and its Application in the Foundry. H. W. Dietert. 
(Iron Age, 1936, vol. 138, July 30, pp. 24-27). In this article the 
author reviews the need of sand control, and points out the influence 
of each sand characteristic on the physical properties of a casting. 
Sand-conditioning methods require a correct balance of refrac- 
toriness, porosity, grain size, strength, temper, and binder of the 
sand in order to obtain the best casting results. 

The Use of Cements as Bonding Material in Sands for Foundry 
Purposes. M. Paschke, C. Weymann, and E. Schneider. (Gies- 
serei, 1936, vol. 23, July 31, pp. 381-386). The authors present the 
results of a laboratory research to test the suitability of cement- 
sand mixtures as moulding materials; the contents of cement and 
moisture, and also the storage period, were varied, and the gas 
permeability and strength were determined in the usual way. 
The results show that such mixtures may well be used. The 
permeability was very good, the strength was all that was required, 
and the refractoriness was adequate for practical purposes. In 
order to re-use the ground used material a small addition of new 
cement is necessary; the permeability and strength under load 
can be controlled by the degree of grinding and by the addition 
of the cement. As clay has an adverse effect, the sharpest possible 
sand is used, the grain-size distribution of which should correspond 
to that of natural sand. The impurities should be as low as possible, 
because of the diminution of the refractoriness due to the cement. 
Aluminous cement is to be preferred; mixtures made with it were 
30% more permeable and were much stronger than those made 
with iron Portland cement, for which reason it is more economical. 

New Type of Jar-Ramming Moulding Machine. (Foundry 
Trade Journal, 1936, vol. 55, July 23, p. 61). An entirely new type 
of “ combination”’ jar-ramming moulding machine is described, 
which carries an innovation capable of revolutionising both the 
production and the character of ramming induced. This innova- 
tion is brought about by allowing what amounts to a weight to 
rest on the loose sand of the mould during its consolidation by the 
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jarring of the table. The imposition of this weight upon the sand 
produces some reciprocal action which reduces the ramming time 
and the likelihood of soft spots in the mould to a negligible quantity. 
No “ flat-ramming ”’ or “ strickling”’ is required, and any degree 
of hardness is readily obtained. : 

Dryer for Foundries. Schmidt. (Giesserei, 1936, vol. 23, 
July 3, pp. 341-342). A short review of older and more modern 
drying plant for moulds and cores. 

The Production of Cast Rolls (Grey Cast Iron, Chilled Iron and 
Cast Steel). H. Jungbluth. (Technische Mitteilungen Krupp, 
1936, vol. 4, Aug., pp. 129-142). The author first presents a review 
of the properties of cast iron and chill-cast iron from the point of 
view of their use in the manufacture of rolls, and then describes 
the production of chilled-iron rolls in detail and of cast-iron rolls 
very briefly. Steel rolls are stated to be used hardly at all in 
Germany, and this material is dismissed in a few words; steel 
rolls are cast in the same way as cast-iron rolls. In conclusion 
the author devotes some space to the discussion of roll breakages 

Moulding Steel Turbine Castings. H. V. Fell. (Foundry, 1936, 
vol. 64, June, pp. 28-31, 88; July, pp. 30-32, 72). Three examples 
are described to demonstrate from the point of view of moulding 
and feeding, &c., the advantages and disadvantages of the joint-up 
and joint-down methods. They also serve to indicate how the 
foundryman’s decision is influenced by the particular design of any 
given casting. A description is given of the operations in closing the 
mould, pouring the metal, and stripping and annealing the casting. 

Moulding a Cast-Iron Stool for a Pump Motor. H. Greenhouse. 
(Foundry Trade Journal, 1936, vol. 55, Aug. 13, pp. 121-122). 
The author describes the casting of the baseplate for a 1500-h.p. 
vertical pump motor, which was part of the equipment required 
for the large graving-dock at Southampton. 

Steel Coils are Cast in Iron Pot. (Foundry, 1936, vol. 64, July, 
pp. 27, 60, 62). This article deals with the problem which confronts 
the foundryman when faced with the production of a casting in which 
a length or a coil of steel or wrought-iron pipe is to be enclosed. 
The correct technique to be adopted is described in detail. 

Shrinkage. H. A. Schwartz. (Foundry, 1936, vol. 64, June, 
pp. 50-54; July, p. 46). The author continues his discussion of 
the problems associated with the contraction of solidifying metals. 
(See p. 153 A.) 

On the Freezing of Steelworks Ingot Moulds. K. Knehans and 
N. Berndt. (Stahl und Eisen, 1936, vol. 56, Aug. 27, pp. 970- 
972). This paper gives the freezing times of different types of ingot 
moulds, as determined experimentally. In view of- the lack of 
knowledge as regards the duration of solidification in the production 
of ingot moulds, there exists the danger of accidents. The minimum 
waiting time in ingot mould foundries is therefore a factor of the 
highest importance. 
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(Continued from p. 154 A) 


Practical Experiences with New-Type Reversing Devices of Open- 
Hearth Furnaces. (Stahl und Eisen, 1936, vol. 56, Aug. 27, pp. 
965-970). The increasing demands made upon open-hearth 
furnaces have led to the improvement of the reversing device, in 
order to counteract the waste due to leakage and draught, with its 
detrimental consequences on the heat exchange and efficiency of 
the furnaces. An important step in the right direction is provided 
by the slide-valve controls, which in conjunction with bell and disc 
valves must be regarded as up-to-date reversing devices. The slide 
valves cut off and choke the waste gases, while the gas and air are 
controlled by valves. The present article contains a general survey 
of the technical details of the development of these devices, and 
reviews the results obtained and also the difficulties which cannot 
as yet be completely eliminated. 

A Study of a Direct Method of Stainless Steel Production. R. P. 
Forsyth. (Journal of the Chemical, Metallurgical and Mining 
Society of South Africa, 1936, vol. 36, May, pp. 319-337). The paper 
deals with an investigation to determine the possibility of producing 
stainless steel of low carbon content, the required chromium content 
of the steel being derived from the reduction of chromite by ferro- 
silicon above the prepared bath of low carbon steel. 

Finishing the Heat of Steel. J.H. Hruska. (Blast Furnace and 
Steel Plant, 1936, vol. 24, June, pp. 514-515, 520-521). The author 
concludes his series with an article on rimming steel. The com- 
position of the charge and additions together with some of the 
metallurgically important data are given. (See p. 154 4.) 

Residual Metals in Open-Hearth Steel. J. D. Sullivan and R. A. 
Witschey. (Metals and Alloys, 1936, vol. 7, July, pp. 171-173). 
This is the fifth of an annual series of articles on residual metals, 
such as arsenic, antimony and others, in open-hearth steel, and is 
based on the analysis of samples submitted by various American 
steel companies. A method of analysis for arsenic and antimony 
is appended. 

Production Reports.—2. The Melting Report for the Open- 
Hearth Steelworks for Mass Production. H. Euler. (Archiv fiir 
das Kisenhiittenwesen, 1936, vol. 10, July, pp. 39-44). The author 
discusses the purpose of production reports, and the data which 
should be included in the melting, daily, and monthly reports for 
an open-hearth steelworks engaged in mass production. Drafts 
of a melting report and of a monthly report are given, with notes on 
how to fill them in. 
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Electric Furnaces and their Part in Metallurgical Progress. 
F. R. Palmer. (Blast Furnace and Steel Plant, 1936, vol. 24, June, 
pp. 499-501, 507). The author surveys the progress made in the 
metallurgy of steel by the introduction of the Héroult type of basic 
arc furnace and the high-frequency coreless induction furnace. He 
gives as his opinion that the basic arc furnace is the most efficient 
piece of steel-melting equipment ever devised. (See p. 113 A.) 

Investigations into the Viscosity of Open-Hearth Slags. F. 
Hartmann. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Atig., pp. 45-52). The viscosity of liquid open-hearth slags was 
investigated by the Margules method with the following results : 
(1) There exists no relation between the basicity, calculated by 
different processes, and the viscosity of slags. The viscosity must 
be determined in each case by actual tests. (2) Fluorspar has a 
liquefying action and, on the other hand, reduces the temperature 
range between high and low viscosity, 7.e., the so-called liquefaction 
range. (3) Strontianite has an especially strong liquefying action 
on acid slags. (4) The liquefaction consequent upon the addition 
of UVauxite is due to the increase of the ferric oxide content, and not 
to the alumina content. (5) The viscosity increases in direct ratio 
with the ferric oxide and ferrous oxide content. (6) Herty’s method 
of determining comparative figures gave unsatisfactory results. 
(7) It was found that the foam formation is only favoured within 
certain limits of viscosity. 

New Technical and Economic Importance of Iron and Steel 
Scrap. C. E. Williams. (Blast Furnace and Steel Plant, 1936, 
vol. 24, June, pp. 502-504, 510). Predictions have been made that 
the American steel industry is fast approaching a serious shortage of 
steel scrap, and that after the excess accumulation resulting from 
the depression has been worked off, the steel industry will face a 
constantly increasing shortage. The author does not agree with this 
view, and bases his opinion upon recent American statistics. 


































ie, 
he 
sic 
le 


nt 


e] 
6, 
at 





FORGING, STAMPING AND DRAWING 


(Continued from pp. 156 A—157 a) 


Flakes in Forgings. I. Musatti and A. Reggiori. (Metal Pro- 
gress, 1936, vol. 30, July, pp. 51-56). (See Journ. I. and S.1., 1936, 
No. I., p. 127 a). 

Large Alloy Steel Forgings. T. M. Service. (Mond Nickel Co., 
Ltd., Bureau of Information on Nickel, 1936). Nickel steels and the 
more complex alloy steels containing nickel with some or all of the 
other elements such as chromium, vanadium, and molybdenum, are 
being used increasingly in the form of large forgings in the electrical, 
chemical, railway, and other industries. The technique of the 
treatment of such forgings is somewhat different from that of the 
ordinary carbon steels. The present publication gives details of 
some of the defects which are liable to occur and the technique which 
will overcome them. It also gives typical properties which may be 
expected from large forgings up to 150 tons or so in weight. 

Forgings for the Handling of Fluids at High ‘Temperatures and 
Pressures. H. H. Burton, W. H. Hatfield, and T. M. Service. 
(Chemical Engineering Congress of the World Power Conference, 
1936). This paper indicates the various factors which should be 
taken into consideration in the design of forgings operating at high 
temperatures and pressures. An interesting feature of the paper is 
that relating to the present work of framing a standard specification 
for boiler drums made from plain carbon steel. The very controver- 
sial problem of “ notched-bar embrittlement ”’ is discussed briefly. 
The paper also reviews some of the types of steel available for future 
development, which will probably involve pressures and temperatures 
higher than those now employed. 

Hydraulic Presses of Large Dimensions. J. Sartorius. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1936, vol. 80, July 18, 
pp. 887-891). After touching on the pure hydraulic and steam- 
hydraulic operation of presses, the author describes a piston-operated 
floatless plant for supplying water under pressure, and then gives a 
few examples of large hydraulic presses, including forge, tube 
extrusion, and shipbuilding presses. 

The Metallurgical Aspects of Deep Drawing. (Failures and 
Defects Encountered During Deep Drawing). J.D. Jevons. (Iron 
and Steel Industry, 1936, vol. 9, July, pp. 419-424). In this 
article, the author deals with defects that arise during the processing 
of sheet or strip, and those occasioned during treatment at the hands 
of the user. Problems connected with stretcher-strain marking 
and ageing are also considered. 
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(Continued from p. 158 A) 


Contribution to the Knowledge of the Flow of Material in the 
Rolling Process. H. Unckel. (Archiv fiir das Eisenhiittenwesen, 
1936, vol. 10, July, pp. 13-18). The author describes experiments, 
the purpose of which was to give information on the process of 
deformation in the interior of rolled material in all directions. An 
aluminium ingot was used. It was cut down the middle in the 
direction of rolling, and networks of lines were scribed on the 
external and the cut surfaces; in addition the ingot was drilled and 
also split both in the transverse direction and in the direction of com- 
pression, and these drill holes and splits were then filled with rods and 
sheets. The ingot halves were then fastened together again firmly 
and were rolled down as a single unit in several passes at 450° C. 
On etching the various surfaces of the ingot after rolling, the 
deformation could be recognised from the appearance of the inserts. 
The inserts originally at right angles to the plane of rolling were 
found to be bent towards the direction of rolling. The spread was 
uniform over the entire width of the piece. In discussing the 
process of deformation in the direction of rolling, the author directs 
attention to the formation of tensile stresses in the interior of the 
material on entering the roll pass and at the surface on leaving the 
pass. The stress conditions set up by the spread were examined 
be means of experiments made with a split lead specimen. To make 
clear the flow of the material in the longitudinal and, transverse 
direction, flow diagrams are reproduced. 

Device to Measure Rolling Loads. (Blast Furnace and Steel 
Plant, 1936, vol. 24, June, pp. 505-507). A new invention, the 
pressuremeter, is described. It utilises the stretch of the housing as 
the means of actuating the electro-magnetic recording instruments— 
the stretch of the housing being an accurate measure of the rolling 
loads. 

The Control of Modern Rolling Mills. (Machinery, 1936, vol. 
48, Aug. 13, pp. 593-595). This article describes the application 
of tube rectifiers and the photo-electric system to the conversion 
of the power from the 3-phase line for use in D.C. motors, which 
are generally preferred for the main drives of rolling mills. Methods 
of braking and the photo-electric control circuit are discussed in 
their application to continuous rolling mills and auxiliary equip- 
ment, such as shears and roller gear beds. 

The State of our Knowledge on the Problem of Boundary 
Lubrication. H. Donandt. (Zeitschrift des Vereines deutscher 
Ingenieure, 1936, vol. 80, July 4, pp. 821-824). The author discusses 
the phenomena at the surface of metals covered with a lubricant ; 
he deals with the molecular forces at the surface of solid bodies, 
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the adsorption of lubricant, the importance of this adsorption 
during rubbing friction, and concludes by giving indications of the 
inferences to be drawn in regard to questions of practical lubrication. 

Maintenance of Lubricating Oils. R. P. Dunmire. (fron and 
Steel Engineer, 1936, vol. 13, July, pp. 29-41). The author presents 
a survey of the lubricating problems incidental to the operation 
of heavy-duty equipment, such as large rolling mills. 

Composition Bearings on Mills and Tables. A. G. Delaney. 
(Blast Furnace and Steel Plant, 1936, vol. 24, July, pp. 598-599, 
602). The author describes a new bearing material, which is 
composed of a fabric base impregnated with synthetic resins under 
extreme pressure while heated. The resulting material has a hard, 
dense structure that has shown remarkable results when properly 
applied to various journals. The bearings can be lubricated with 
greases, oils, or plain water. This material offers great possibilities 
in cost reductions. 

Bakelised Bearings for Rolling Mills. (Iron and Coal Trades 
Review, 1936, vol. 133, Aug. 21, p. 289). The Metrovick bakelised 
bearing for rolling-mill service is described. It is claimed that a 
power saving of 30°{ to 60% is obtained, while the life is increased as 
much as ten times. There is also less need for adjusting the rolls, 
while, in addition, the bearings simplify the operation of changing 
rolls and of making bearing replacements. 

The Avoidance of Surface Defects in Rolling Hexagonal Bars. 
H. Cramer. (Stahl und Eisen, 1936, vol. 56, July 9, pp. 785- 
790). In order to avoid, or reduce very considerably, the formation 
of fold crevices on freely-spreading surfaces, the material must 
be rolled hot and the period of sojourn in the furnace kept as short 
as possible. Regarding the formation of such cracks, no difference 
could be observed between billets cold-worked and completely 
machined and those cold-worked, pickled in the usual way, and 
cleaned, nor was there any difference between the two kinds of 
billet when rolled hot. Rolling tests with hexagonal roll passes 
of various design showed that a hexagonal bar free from fold cracks 
could be produced only by using a completely oval-shaped pass as 
the first in the series of passes for producing hexagonal bar. 

Jones and Laughlin now Operating New Blooming Mill. C. 
Longenecker. (Blast Furnace and Steel Plant, 1936, vol. 24, 
July, pp. 585-588). A new blooming mill recently taken into 
operation is described in detail. The all-welded manipulator and 
the main drive motor are given special attention. 

Blooming Mill Modernisation for Better Quality Requirements. 
T.C.Campbell. (Iron Age, 1936, vol. 138, July 16, pp. 53-55, 87-89). 
In the blooming mill, the unsatisfactory forming of the steel formerly 
often resulted in high chipping costs. This led to an evolution of 
the plants in use, which culminated in the new two-high reversing 
blooming mill recently installed by an American steelworks. This 
mill is described in detail. 
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Bethlehem Open New $20,000,000 Continuous Mill at Lacka- 
wanna. (Iron Age, 1936, vol. 138, July 2, pp. 24-29, 90). A 
description of the new continuous strip mill erected at Lackawanna, 
New York, by the Bethlehem Steel Co., is presented. The mill 
has an annual capacity of 60,000 tons of flat-rolled products. 
Light plate with a maximum thickness of } in. and a maximum 
width of 72 in., and cold-rolled sheet up to 84 in. wide may be 
produced. Served by three recuperative mixed-gas-fired reheating 
furnaces, the 79-in. hot-rolling mill reduces slabs in the following 
units: A roughing train, comprising a two-high scale breaker, 
a four-high spreading stand, and three four-high universal stands 
with spreading rolls on the entering side and provision for cross- 
rolling, and a finishing train consisting of a two-high scale breaker 
and six stands of four-high rolls. The cold strip milf'is made up 
of a three-stand four-high 75-in. tandem cold strip mill, a three- 
stand four-high 54-in. tandem mill, three four-high tempering 
mills, and a two-high 54-in. skin pass mill. A special feature of 
the mill plant is the centralised pressure lubricating system. 

Shearing Strip at High Speed. H. H. Talbot. (Blast Furnace 
and Steel Plant, 1936, vol. 24, July, pp. 591-592). The author 
describes the latest drum type flying shears, which can be used in 
cutting sheets from strip coming from the rolls at speeds ranging 
from 150 to 2000 ft. per min. It is emphasised that each mill 
has its own problems and that flying shears must be designed 
individually to meet these conditions. 

Steel Mill Lighting. W. Sturrock. (Iron and Steel Engineer, 
1936, vol. 13, Aug., pp. 1-7). In this paper the author reviews 
recent developments and improvements in the lighting of steel 
plants. A visibility meter is described, and a table of recommended 
foot-candles of illumination for the different steel mill areas is 
provided. 
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(Continued from pp. 160 a-163 a) 


Diffusion in Solid Metals. R.F. Mehl. (American Institute of 
Mining and Metallurgical Engineers, 1936, Technical Publication 
No. 726; Metals Technology, 1936, vol. 3, Aug.). The process of 
diffusion in solid metals is of wide importance owing to the fact that 
the homogenisation of segregated alloys, the rates of transformation 
and of precipitation, and therefore the rates of hardening of steel 
and of age-hardening of certain alloys, depend to a greater or lesser 
degree upon the rates of diffusion. Since diffusion evidently involves 
atomic movements, the rates of diffusion must be determined by 
the possible energy states of the atom, and are therefore intimately 
related to the physics of the solid state. The increasing realisation 
of the practical importance of the subject of diffusion has produced 
a large body of information, which the present paper reviews and 
criticises very exhaustively. 

Case Hardening and Heat Treatment with Liquid Cyanides. 
E. G. Bishop. (Heat Treating and Forging, 1936, vol. 22, June, 
pp. 282-288). In this paper, delivered before the Steel Treatment 
Society of Australia, the author presents a complete résumé of the 
cyanide process, its advantages and disadvantages and the various 
metallurgical reactions involved. (See p. 116 A.) 

New Electric Process for Cyanide and Activated Baths. E. F. 
Davis. (Metals and Alloys, 1936, vol. 7, June, pp. 143-146). A 
description is given of a new development, known as the Ajax- 
Hultgren salt-bath furnace, in which interior electrode heating is 
used. A feature of this bath is its automatic stirring. The hardness 
of the product hardened in this furnace is much more uniform. It 
is claimed to be a decided step forward in salt-bath heat treating. 

On the Structure of the Steel Carburised by Various Hydrocarbons. 
H. Sawamura. (Memoirs of the College of Engineering, Kyoto 
Imperial University, 1936, vol. 9, Feb., pp. 126-131). Under 
the assumption that one of the chief causes for the formation of the 
abnormal structure in carburised steel is the oxygen contained in large 
quantities in the steel, the author carried out some experiments to 
prevent the formation of the structure in question and presents his 
results. 

Surface Hardening of Steel. C. T. Eakin. (Iron Age, 1936, 
vol. 138, July 23, pp. 25-29). This is a discussion of the carburising 
and nitriding methods of surface hardening. The nature of carbides 
and nitrides is considered, and the processes and equipment are 
described and illustrated. 

i Heating. R. E. Kinkead. (Steel, 1936, vol. 99, 
Aug. 3, p. 49). The author describes a new apparatus for 
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electrically hardening carbon steel surfaces. A magnetic field 
set up by high-frequency current induces eddy currents in the sur- 
face to be treated, bringing it to a pre-determined and accurately 
controlled temperature, from which it is quenched to give exactly 
the hardness desired. 

Electric Nitriding Furnaces. H. Zerpner and J. E. W. Ginger. 
(Iron and Steel Industry, 1936, vol. 9, July, pp. 441-442). The 
authors give a short survey of the nitriding processes and the furnaces 
used. 

Hydrogen Penetration and Decarburisation of Steel. (Metal- 
lurgist, 1936, Aug. 28, p. 146). This is an abstract and discussion 
of a paper by Baukloh and Guthmann in Archiv fiir das Eisen- 
hiittenwesen, 1935-1936, vol. 9, pp. 201-202. (See Journ. I. and 
S.I., 1936, No. I., p. 67 a). 

Prevention of Oxidation and Decarburisation of Steel. A. G. 
Robiette. (Metal Treatment, 1936, vol. 2, Summer issue, pp. 77-84). 
If the various heating operations to which steel is subjected can be 
performed in atmospheres that produce neither scaling nor de- 
carburisation, numerous advantages are obtained. Because of this, 
increasing attention is being given to the reactions between different 
steels and different atmospheres, to the economic production of 
inert or substantially inert atmospheres, and to the design of furnaces 
in which steel may be heated with a minimum alteration of its 
surface. The technical and economic difficulties are rapidly being 
surmounted and in this article the present position is surveyed. 

Application of Protective Atmospheres to the Heat Treatment of 
Metals. A. G. Robiette. (Metal Industry, 1936, vol. 49, July 24, 
pp. 79-84). With the introduction of electric heat treatment it 
was found possible to introduce protective atmospheres into furnaces 
which were made gas-tight externally, and recent research on the 
application of atmospheres generated from hydrocarbons, coal and 
coke-oven gas has led to the development of a gas plant which has 
been used successfully for bright annealing. This plant and its 
applications to both continuous and batch-type furnaces are 
described in the paper, which was presented to the International 
Congress for Electric Heating and Electro-Chemistry, held recently 
in Holland. 

Heat Treating and Forging at the Ford Motor Company. W. C. 
Kernahan. (Heat Treating and Forging, 1936, vol. 22, June, pp. 
273-281). Heat-treating and forging departments are among the 
most important units in the large and efficient works of the Ford 
Motor Company. Several large buildings house these operations, 
and their contents are described in the present article. 

Some Electrical Heat-Treating Methods. R.-W. Williams. 
(Australasian Engineer, 1936, vol. 36, June 8, pp. 17-19, 24). Ina 
paper delivered before the Steel Treatment Society, Australia, the 
author deals with some electrical heat-treating methods, with 
special reference to the critical points of steel and the iron-carbon 
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equilibrium diagram. A number of general conclusions are 
reached. 

Influence of the Rate of Running Through in Lead Patenting 
on the Strength Properties of Steel Wire. A. Pomp and H. Ruppik.. 
(Stahl und Eisen, 1936, vol. 56, Aug. 6, pp. 899-903). (See Journ. 
I. and §.1., 1936, No. I., p. 183 a). 

Rails are Improved by Heat Treatment and by Controlled Coc?ing. 
(Metal Progress, 1936, vol. 30, July, pp. 41-45, 102). Internal trans- 
verse fissures in rails have been diagnosed as due to shatter cracks. 
The cure was found in the controlled cooling of rails. The need for 
improved physical characteristics has given rise to the following 
process: The rail is quenched while cooling from mill heat, the 
quench is discontinued at a definite temperature, equalisation is 
promptly effected at an elevated temperature, and finally the rail 
is subjected to controlled cooling in a box. 

Annealing Covers for Sheet and Strip. (Steel, 1936, vol. 99, 
Aug. 10, pp. 48-49). A new vertical tube annealing cover is 
described, which comprises a steel shell lined with insulating brick, 
a refractory and insulating brick base, and a light-gauge inner hood 
or cover of corrugated sheet. The heating is done with vertical 
tube heating elements. The advantages claimed are greater 
flexibility of temperature control and economies in fuel due to the 
elimination of overheating of corners and ends of charges. 

Normalising Tubes in Controlled Atmosphere Furnaces. F. L. 
Prentiss. (Iron Age, 1936, vol. 138, July 30, pp. 18-22, 80). The 
controlled atmosphere normalising furnace has been adopted in a 
large American works in order to produce tubing absolutely free of 
scale without the necessity of pickling (although normalised above 
1650° F., the critical point of the steel), and to improve the finish 
and surface of the product. Incidentally, the sulphuric acid fumes 
which formerly came from the pickling tanks, are eliminated. It 
further preserves the fine finish and surface which result from the 
cold-working of the hot-rolled strip. 

Tempering Furnace with Mechanically-Controlled Convection 
Currents. (Engineering, 1936, vol. 142, Aug. 7, pp. 158-159). 
A new gas-heated furnace operating upon the principle of mechanical 
convection is described. A motor-driven rotary fan situated in the 
upper portion of the furnace drives the hot, ascending products of 
combustion down into the heating chamber, from which they pass 
out for recirculation after giving up heat to the work contained 

therein. 
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Welding Metals without Fusion, by ‘‘ Molecular Shock.” A. H. 
Allen. (Steel, 1936, vol. 98, June 22, pp. 34-36). Brief mention is 
made of a new process of welding, in which the weld is made by the 
application of H.F. current which serves as a ‘‘ molecular hammer.”’ 
A temperature not exceeding 700° F. is attained during the operation. 
Illustrations of typical welds and weld zones are furnished, but no 
details of the process are supplied. 

Arc Welding of a Special Steel. L. Sanderson. (Metallurgia, 
1936, vol. 14, June, p. 48). The author describes the special care 
required when welding special steels and uses manganese steel to 
illustrate his contentions. It is pointed out that heating must be as 
local as possible, for which reason it is important to know the critical 
temperatures of the steel. Welders are advised to be careful in their 
choice of electrodes. Further detailed advice is given. 

Electric Arc-Welding Machines. J. M. Willey. (Institute of 
Welding, Dec. 17, 1935: Welding Industry, 1936, vol. 4, June, 
pp. 202-212). The author discusses the electrical characteristics of 
(1) single-operator sets, (2) multi-operator sets, and (3) high- 
frequency single-operator A.C. welding machines. A detailed 
comparison of the relative costs of operating single- and multi- 
operator sets is included. 

A General Survey of Metallic Arc Welding with Particulars of 
Some Welded Products. J. M. Polson and D. G. Sinfield. (Welding 
Industry, 1936, vol. 4, July, pp. 238-252). In this review the authors 
deal with the following aspects of metallic are welding: The 
electrodes; the ductility of welded material; comparison between 
welding and the casting of ingots; types of flux coatings; and 
toughness. They also describe investigations on (1) the effect of 
various welding conditions on the junction of the weld-metal and 
parent material, and (2) the influence of locked-up stresses due to 
cold-working and welding. These experiments included the ex- 
amination of boxes formed and welded (and subsequently heat- 
treated) in different ways. 

Electric Spot-Welding Machines. F. Hoch. (Zeitschrift des 
Vereines deutscher Ingenieure, 1936, vol. 80, July 25, pp. 911- 
912). A short illustrated account is given of portable spot-welding 
appliances. 

Fundamentals of Spot Welding with Particular Reference to 
Electrode Life. E. 1. Larsen. (Sheet Metal Industries, 1936, vol. 
10, June, pp. 483-486). (See p. 65 4). 

Comparison between the Results Obtained with Modern Methods 
of Oxy-Acetylene Welding and Electric Arc Welding. R. Meslier. 
(Twelfth International Congress of Acetylene, Oxy-Acetylene 
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Welding and Allied Industries, London, June, 1936). Electric are 
welding has in recent years made enormous strides, and it is applied 
industrially for a number of useful purposes. Unfortunately, 
those who champion its cause do not limit their ambitions to a 
rational development of this process for those purposes for which 
it is particularly suited. They seek, often quite indiscriminately, 
to substitute for the oxy-acetylene blow-pipe their process whenever 
experiments, frequently carried out too summarily, seem to warrant 
it. When confronted with the unquestionable progress made by 
are welding, oxy-acetylene welding experts can refer to the improve- 
ments recently made as regards both material and methods of making 
welds; in every case these have produced technical and economic 
results which cannot be surpassed. Each specialised arc welding 
process has a corresponding method of blow-pipe welding, and for 
every result obtained by the first process corresponding results, at 
least equally good, can be obtained by the acetylene process. In 
this way the author draws a comparison between the two processes, 
their applications and their results, and shows, by means of tables 
and data obtained in actual practice, that in a very large number of 
cases of construction and repair work oxy-acetylene welding has 
always given, with equal quality, far better economic results than 
those obtained with electric are welding. 

A New Principle in the Practical Training of Oxy-Acetylene 
Welders. R. Granjon. (Twelfth International Congress of 
Acetylene, Oxy-Acetylene Welding and Allied Industries, London, 
June, 1936). The author has devised a new method which has been 
applied in practice with great success for over a year at the Institut 
de Soudure Autogéne in Paris. The method consists essentially 
in demanding from the apprentice or pupil that from the beginning 
he should execute welds of given length in a fixed period of time 
by a well-defined method, whatever the quality of the resulting 
work at first. This condition must be complied with throughout, 
and progress consists in improving the quality of the weld made 
within the fixed time limit. The author states the results obtained 
from this method of instruction, of which the final outcome is the 
execution of welds that are better, more homogeneous, and much 
more economical. 

Results of Experiments in Oxy-Hydrogen Under-Water Cutting 
at Eildon Weir, Victoria, Australia. J. B. Arnold. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding, and 
Allied Industries, London, June, 1936). The experimental work 
and the results obtained in the cutting of steel sections in water 
up to 92 ft. deep are fully described. Although acetylene was at 
first employed, it was eventually found that hydrogen was a more 
suitable fuel gas. A considerable amount of experimental work 
was necessary in order to ensure the correct adjustment of the gas 
pressures and mixture at the varying depths of water. Tabulated 
data giving the gas pressure and consumptions at varying depths 
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of water are included. A skilled surface operator is highly important, 
and he should have a thorough knowledge of all the equipment 
and be able to work sympathetically with the diver. The operating 
technique, adjustment of the gas pressure, and the setting of the 
flame are fully described. 

Comparative Tests on Cored and Coated Electrodes. F. Leitner. 
(Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, July 11, 
pp. 851-856). The author presents a comparative summary of 
the welding properties and qualities of cored and coated electrodes 
for arc welding, and indicates the essential points to which attention 
must be directed, from the points of view of the welding process 
and economy. The question of the quality of the weld produced 
is dealt with from the mechanical, microscopic, and chemical 
aspects, and in conclusion results of fatigue tests are discussed. 

Welding of Rails on the Permanent Way. M. Michaud. (Twelfth 
International Congress of Acetylene, Oxy-Acetylene Welding and 
Allied Industries, London, June, 1936). The elimination of jolting 
when train wheels traverse the joints at rail ends is particularly 
necessary when the rolling stock passes over or through steel and 
iron structures, as the life of these latter will thus be prolonged. 
The same aim must be followed as far as tunnels and stations are 
concerned, where repairs and upkeep of the permanent way con- 
stitute a difficult problem. Some railway companies have introduced 
welding for uniting rail ends, and this is done either by the thermit 
or the electric resistance process. These two welding methods 
present certain practical difficulties when welding rails that have 
been in commission, one of the main drawbacks lying in the fact 
that traffic on the line must be held up. However, these difficulties 
can be largely overcome by using oxy-acetylene welding. Ex- 
periments carried out, partly in the laboratory and partly on the 
permanent way itself, have shown that if certain special precautions 
(necessary because of the nature of rail steel) are taken, oxy- 
acetylene welding can produce very satisfactory results. The 
paper explains fully the’ results obtained with static and dynamic 
tests carried out on a type of joint having a progressive inertia 
sole plate. 

Notes on the Use of the Blow-Pipe in Railway Maintenance. 
Z. Dobrowolski. (Twelfth International Congress of Acetylene, 
Oxy-Acetylene Welding and Allied Industries, London, June, 
1936). In his report at the Eleventh Congress in Rome the author 
described the reconditioning of the first 350 frogs with the oxy- 
acetylene torch on the track of the Polish State Railways, executed 
by private companies. The satisfactory results of these experiments 
have permitted the extension of this method to the building-up 
of battered rail ends and single bars, to the reclaiming of switch 
joints and other switch parts, to the reconditioning of fissured 
and corroded rails, &. This work is executed now by the Railways 
Administration itself, and all track maintenance crews have been 
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supplied with oxy-acetylene equipment. On the basis of four 
years’ application of this method on the Polish railways, the author 
presents some particulars concerning its technical and economic 
value. 

The Training of Specialised Personnel for Acetylene Welding 
on Railways. A. Desgranges and M. Couturier. (Twelfth Inter- 
national Congress of Acetylene, Oxy-Acetylene Welding and Allied 
Industries, London, June, 1936). The object of this paper is to 
describe the present situation in regard to the training of specialists 
in oxy-acetylene welding in the various departments of the French 
main railway systems, and further to put forward complete’syllabuses 
for the future training of the necessary specialists. The authors 
have endeavoured to state the needs of each special branch and to 
offer solutions to the problems so arising. The great variety of 
work carried out on a railway makes it necessary to have some 
centralising body, both of engineers and of supervisory staff, able 
to direct, advise, and control the workers; it is a further condition 
of success that the latter should be perfectly trained and should 
combine good practice with an adequate amount of technical 
knowledge. The paper deals also with the conditions that should 
govern the periodical checking of the welding personnel, and lays 
down principles for a classification which would avoid the assignment 
to welders lacking full qualifications of any welding work in which 
considerations of safety are involved. It follows from these various 
considerations that the main railways will very soon be led to 
establish centres where oxy-acetylene welding can be taught to 
young men possessing sufficient general knowledge to enable them 
to profit from instruction on rational lines. Such sections of 
welding apprenticeship will enable the workshops and running- 
sheds to draw upon a supply of personnel far more valuable in 
their trade than the welders at present employed in the various 
departments. 

Construction of Welded Pressure Vessels for the Petroleum 
Industry. R. K. Hopkins. (Chemical Engineering Congress of 
the World Power Conference, 1936). Fusion welded vessels are 
now becoming general in the petroleum industry, the metallic 
are process employing covered electrodes being most generally 
used. In dealing with pressures of 1000 atm. and upwards it is 
usually not practicable to employ simple cylinders, since the stresses 
set up in the walls are sufficient to cause elastic failure even when 
alloy steels of great tensile strength are used. Various methods 
for eliminating or minimising chemical attack on high-pressure 
plant are summarised, and mention is made of an interesting 
development, namely, the use of bi-metal plates, in which the base 
metal is a carbon steel and‘the facing metal’a’chromium or chromium- 
nickel steel. 

Welding for High Temperature Service. J. Hinde. (Welding 
Industry, 1936, vol. 4, Aug., pp. 256-257, 264). This article deals 
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with welded plant: required to work at temperatures from just 
below red heat, say 500° C., to the highest met with in ordinary 
practice. High-temperature equipment, forge weldings, protective 
coatings, and heat-resistant steels are considered. 

Fire-Welded and Welded Steel Tubes. 0. Gregor. (Inter- 
nationale Réhrenindustrie, 1936, vol. 1, June, pp. 1-3). The 
manufacture of tubes in Austria, previously carried out by fire- 
welding or by the seamless-tube process, are now being made by 
autogenous or electric welding. The author enumerates the points 
to which attention must be paid if high-quality tubes are to be 
made by the latter processes, and then compares their properties 
with those of fire-welded and seamless tubes. 

The Shape of the Joint in the Welding of Butt Joints. R. Malisius. 
(Mitteilungen aus den Forschungsanstalten des Gutehofinungshiitte- 
konzerns, 1936, No. 7, July, pp. 157-162). The author discusses 
the advantages and disadvantages of the various designs of weld 
(the inclination of the V, the distance separating the parts, &c.), with 
regard to safety, cost and shrinkage. 

The Effect of Welding on Design. T. McL. Jasper. (Journal of 
the American Welding Society, 1936, vol. 15, July, pp. 2-8). During 
its period of evolution, welding has had a marked effect on engineer- 
ing design. It revealed poor designs and improved them. It 
made possible the elimination of overlapping joints, and provided 
the means for dependable leak-proof construction. Finally, it 
spurred steel manufacturers to keep pace with welding developments 
by improving their steels. The author illustrates these effects of 
welding on design mostly by examples from the pressure vessel field. 
The same principles are, however, applicable wherever welded joints 
can be used. 

Some Properties of Deposits of Low Carbon Steel in Arc Welding. 
M. Okada. (Chemical Engineering Congress of the World Power 
Conference, 1936). Arc welding may be regarded as a special 
application of electro-thermal melting, and this paper describes 
the results of investigations into the effect of heat treatment on the 
structure and mechanical properties of the ‘“ deposited ’’ metal, 
discusses the distribution of heat in the welded part, and elucidates 
the effect of silicon and manganese on the mechanical and electro- 
magnetic properties of the deposited metal. 

The Influence of Nitrogen on the Weldability of Steel. D. 
Séférian. (Welder, 1936, vol. 8, July, pp. 1008-1015). This paper 
attempts to determine the influence of nitrogen on the welding 
properties of steels. Two practical aspects of the problem are 
considered, namely: (1) Influence of nitrogen on the mechanical 
properties, and (2) Influence of nitrogen on the structural hardening 
or age-hardening. 

The Formation of Metallic Nitrides in the Welding of Steels. A. 
Portevin and D. Séférian. (Twelfth International Congress of 
Acetylene, Oxy-Acetylene Welding and Allied Industries, London, 
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June, 1936). The present work supplements the systematic researches 
by the same authors on the formation of nitrides of iron in welds. 
In this paper the problem is viewed as a whole, and a study is made 
of the part played by various elements in the steel in influencing 
the absorption of nitrogen, viz., carbon, manganese, silicon, 
chromium, and aluminium. Certain of these elements—carbon, 
manganese and silicon—tend to reduce the absorption of nitrogen ; 
others—chromium and aluminium—tend, on the contrary, to 
increase it when they melt, yielding nitrides of these metals. It 
follows that the mechanical properties of joints can be modified by 
the formation of these new compounds, and can be improved if the 
formation of nitrides of iron is prevented. 

The Determination of the Quality of Fusion Welded Joints. 
E.R. Fish. (Journal of the American Welding Society, 1936, vol. 15, 
July, pp. 19-21). The article sets out to emphasise two points : 
(1) The shortcomings of much of the work done in the past and the 
uncertainty of the character of the seams; and (2) the fact that 
properly welded pressure vessels are safe and dependable. The skill 
of the actual welder is emphasised as an important factor. 

The Problem of Weld-Susceptibility. K.L. Zeyen. (Zeitschrift 
des Vereines deutscher Ingenieure, 1936, vol. 80, Aug. 8, pp. 969- 
973: Technische Mitteilungen Krupp, 1936, vol. 4, Aug., pp. 
115-122). The causes of weld-susceptibility can be very varied. 
Fissures in the material alongside the weld are often the result of 
stresses, which have been set up by a design unsuitable for welding. 
These can be avoided in the same way as incorrect working in the 
shop. The influence of the composition and the mode of manu- 
facture on the weld-susceptibility of high-tensile steels is illustrated 
by means of experimental results. 

Residual Stresses in Arc-Welded Plates. M.S. Boulton and H. E. 
Lance Martin. (Institution of Mechanical Engineers: Sheet Metal 
Industries, 1936, vol. 10, June, pp. 481-482). Experiments on 
the determination of the longitudinal strains which remain in the 
welded plate were carried out. These are shortly described, and the 
conclusions arrived at are set out. 

A Study of the Widmanstaetten Structure. N.'l’. Belaiew and D. 
Séférian. (‘Twelfth International Congress of Acetylene, Oxy-Acetyl- 
ene Welding and Allied Industries, London, June, 1936). The authors 
present a study of the conditions under which the Widmanstaetten 
structure is formed in welds, depending on the thermal cycle imposed 
by the welding process. They consider two forms of this structure 
which arise in the welded joint, (a) that which develops from the 
liquid state in the melted zone, and (6) that produced in the solid 
state in the over-heated zone. They then consider (a) the 
effect exerted on the formation of this structure by certain elements 
in the steel, viz., carbon, manganese, chromium and molybdenum, 
(b) the nature of the constituents in such structures, and especially 








the value of the interlamellar distance (3,) of pearlite, (c) the 
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mechanical properties of welds exhibiting the Widmanstaetten 
structure, and (d) the effect of heat treatments. The authors 
reach the conclusion that the Widmanstaetten structure is one of 
the causes of brittleness in welds, but that it is possible to avoid or 
destroy such a structure by the adoption of suitable welding methods 
or heat treatments. 

British Standard Specification for Protective Glass for Welding 
and Other Industrial Operations. (British Standards Institution, 
No. 679—1936). 

Metallurgical Cutting for Fabrication, Repair, or Demolition. 
H. H. Moss. (Mining and Metallurgy, 1936, vol. 17, Aug. pp. 
376-379). In oxy-acetylene cutting the problem is no longer how 
to cut a given shape, but how to cut a given steel. The answer 
must be sought in the consideration of the relationship between 
oxy-acetylene cutting and the metallurgical characteristics of a given 
metal. The author proceeds to give examples from the technique 
known as “ metallurgical cutting.” 

Flame-Cutting Steel Plate. J. H. Zimmerman. (Mechanical 
Engineering, 1936, vol. 58, June, pp. 363-368). An investigation 
of the effects of oxy-acetylene flame cutting on the hardness, structure, 
and ductility of four low-carbon steels is reported. Three thick- 
nesses of plate were used. The steels were observed to react to 
flame cutting in a similar manner, and increased plate thickness was 
found to be accompanied by relatively small increases in the modifica- 
tion of the metal adjacent to the cut surface. 

Progress in Electric Furnace Brazing. H. M. Webber. (Iron 
Age, 1936, vol. 138, Aug. 6, pp. 24-27, 50). Electric-furnace 
brazing is now recognised as having a definite place among the various 
methods of manufacturing or forming metal parts. It plays an 
important part in the production of many of the leading makes of 
automobiles, refrigerators, typewriters, &c. Its features are great 
strength of the joints produced with resulting long life, tightness, 
uniformity of quality, excellent appearance, and the relatively low 
cost and cleanliness of the work as it is delivered from the brazing 
furnaces. The article discusses these and other points with the aid 
of examples. 
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Machining Tests on Free-Cutting Steels Killed in Various Ways. 
O. Weidtmann. (Stahl und Eisen, 1936, vol. 56, July 9, pp. 790- 
795). Free-cutting steels which had been killed by the addition 
of aluminium, chromium, silicon, manganese, titanium, vanadium, 
or zirconium in the ladle, were all capable of being rolled. In a few 
cases red-shortness was observed, but it depended on the working 
conditions. The steels were tested for red-shortness in the range 
800-1200° C. The manganese-killed steel could be turned and 
drilled best, followed by the steel killed with chromium. The 
ability of the steels to be turned decreased in the following order of 
killing agents : Silicon, zirconium, aluminium, vanadium, titanium ; 
with regard to drilling the decreasing order of suitability, according 
to the additions made, was: Vanadium, zirconium, titanium, silicon, 
aluminium. The results point to a relation between the atomic 
weight of the killing agent or the hardness of the product of de- 
oxidation and the machinability of the free-cutting steel. 

The Selection of Tool Steels. W. H. Troon and C. R. Day. 
(Australasian Engineer, 1936, vol. 36, July 7, pp. 14-16, 20, 24). 
The field of tool steel selection is briefly surveyed and attention 
drawn to some of the main factors governing the choice. The 
paper is limited to those tools which are used for the cutting and 
forming of metals. 

The Machining of Stainless Steels. W. Buchanan. (Metal 
Treatment, 1936, vol. 2, Summer issue, pp. 67-71). The article 
discusses feeds, speeds, tool angles, and a number of other factors in 
relation to several different types of stainless steel. 

A Note on Machinability (and a Peculiar Welding Effect in Free- 
Cutting Steels). R. T. Rolfe. (Iron and Steel Industry, 1936, 
vol. 9, July, pp. 443-444). The article classifies carbon steels 
which machine well or badly. The unsuitability of a free-cutting 
steel of the high-sulphur, high-manganese variety for welding by 
the fusion-are process is referred to; this is due to the evolution 
of sulphur dioxide gas which gives rise to deep craters. For this 
reason a steel containing not more than 0-08°% of sulphur should be 
specified when ordering steel for welding by the fusion-are process. 

Researches on the Cutting of Metals (Part I.). Y. Sekiguchi, 
K. Ebihara, and T. Nakata. (Transactions of the Society of 
Mechanical Engineers, Japan, 1935, vol. 1, Nov., pp. 427-436). 
The paper, which is the first of a series, describes the results of 
durability tests of some tungsten carbide tools. (In Japanese). 
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Modern Methods of Rust Removal. F. Kappler. (Zeitschrift 
des Vereines deutscher Ingenieure, 1936, vol. 80, June 20, pp. 781- 
784). A review of methods of rust removal by mechanical means 
(steel-wire brush, pneumatic chisel, sandblasting, sandslinging) and 
chemical means (pickling). The types of surface produced by the 
various processes are illustrated, and the rapidity of operation by 
the different methods is discussed. 

Descaling Hot Steel Hydraulically. The Application of Water 
at High Velocity. J. E. Holveck. (Iron and Steel Engineer, 1936, 
vol. 13, May, pp. 1-10). The factors involved in the application 
of high-velocity water jets to the descaling of hot steel are discussed. 
The equipment required—namely, nozzles of the correct design, a 
hydro-pneumatic accumulator and pump—is described in detail. 

Strainer for Continuous Strip Mill Descaling System is Self- 
Cleaning. (Steel, 1936, vol. 99, July 6, p.54). A recently developed 
automatic strainer effectively accomplishes the screening of high- 
pressure spray water. The success of the unit is attributed largely 
to the use of glazed perforated porcelain straining discs instead of 
wire meshes, the former being non-corrodible as well as resistant 
to acids. 

Cleaning Billet Surfaces with Oxy-Acetylene Flame. E. E. 
Thum. (Metal Progress, 1936, vol. 29, May, pp. 35-38). An 
account is given of the application of flame-cutting to the deseaming 
of billets at the Ellwood City plant of the National Tube Co. 

Specially Designed Gas Burner for Descaling Semi-finished Steel. 
(Steel, 1936, vol. 99, Aug. 17, p. 62). The article describes a simple 
method of descaling billets which does away with the old acid 
pickling process. The new method consists of a specially designed 
gas burner which ejects the flame against the surface of the billet. 
The heat raises the scale and compressed air blows it off, leaving 
the surface clean. 

Cleaning Before Plating. T. A. O'Neil. (Metal Progress, 1936, 
vol. 29, June, pp. 59-64). The article deals with the necessity of 
sending nothing but scrupulously clean work into the plating tanks, 
and with the methods applicable for the removal of oil or grease, 
rust and scale, and carbon smut. 

Notes on the Efficient Pickling of Iron and Steel. ©. H. McCollam 
and D. L. Warrick. (Metal Progress, 1936, vol. 29, May, pp. 61- 
67). The following are among the aspects touched on: Acids 
and acid mixtures; pickling temperatures; inhibitors; foaming 
reagents; washing and liming after pickling; and pickling defects. 
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Rationgl Use of Inhibited Pickling Baths for Ferrous Components. 
P. Mabb. (Sheet Metal Industries, 1936, vol. 10, July, pp. 537- 
539). Rolling mills are even more concerned with acid-pickling 
processes than are plants using steel as raw material. The 
weight of metal treated being very great, the dissolution of metal 
unnecessarily represents a large expense in terms of lost metal, 
acid consumption, and time. For this reason the réle of inhibitors 
is a very important one. The article then goes on to discuss the 
nature and range of modern inhibitors, which offer a positive 
monetary saving by safeguarding work against unnecessary spoila- 
tion by over-pickling. 

Electric Control Systems for Continuous Strip Pickle Lines. 
J. J. Mellon. (Iron and Steel Engineer, 1936, vol. 13, July, pp. 
1-9). The mechanical construction of long continuous pickle lines 
for coil widths up to 84 in. and coil weights of about six tons is 
described. 

Hydrogen Penetration of Steel during Pickling. (Metallurgist, 1936, 
Aug. 28, pp. 156-157). The presence of occluded hydrogen in sheet 
steel used for hot-dip galvanising results in the production of so- 
called ‘‘ grey sheet” in the galvanising process. An explanation of 
this phenomenon on the basis of recent research work is provided. 

Equipment for Wide Strip Pickling System Rubber Lined. (Steel, 
1936, vol. 98, May 11, pp. 53-54). The strip pickling equipment 
installed at the Rouge plant of the Ford Motor Co., Dearborn, 
Michigan, is described. It consists of two pickling lines, each 
capable of handling strip up to a maximum width of 78 in. The 
tanks used are rubber lined. 

Handling of Steel Sheets in Pickling. (Metallurgia, 1936, vol. 13, 
Apr., p. 170). The pickling equipment installed at the plant of 
the Bowesfield Steel Co., Ltd., Stockton-on-Tees, is described. 

Waste Acid Disposal. K. B. Lewis. (Wire and Wire Products, 
1936, vol. 11, July, pp. 328-329). The problem of the disposal of 
the spent acid from wire pickling vats is discussed, with particular 
reference to the method of neutralising it with lime. The author 
found that on neutralising the acid with limestone, less than half 
the theoretical quantity of lime was required. He suggests that 
the lime may act as a catalyst, oxidising the ferrous to ferric sulphate. 

Pickling and Plating Brittleness of Steel. H. Sutton. (Electro- 
depositors’ Technical Society: Iron and Steel Industry, 1936, 
vol. 9, June, pp. 394-395). The author discusses the brittleness 
which occurs in articles subjected to pickling or electroplating, and 
indicates the remedies which may be applied. 
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Selection, Application and Use of Finishes for Metals. (Steel, 
1936, vol. 98, Mar. 16, pp. 32-35; Mar. 30, pp. 53-57; Apr. 6, pp. 
42-43; Apr. 13, pp. 48-49, 56; Apr. 27, pp. 48-52; May 11, pp. 
70-72; May 25, pp. 50-52; June 8, pp. 40-46; June 22, pp. 47-50). 
A series of articles dealing with the selection and characteristics of 
metal finishes. 

The Role of Films in the Electrodeposition of Metals. W. R. 
Meyer. (Metals and Alloys, 1936, vol. 7, May, pp. 123-126). The 
commencement of a series of articles giving information on the part 
played by surface films in electrodeposition. The first instalment 
is devoted to a description of the formation and structure of four 
classes of films, namely, preferential-solution films, deposited films, 
passive films and polishing films. 

Rack Coating Minimises Electrical and Metal Losses in Electro- 
plating. H. E. Fritz and G. R. Milligan. (Steel, 1936, vol. 99, 
July 20, pp. 46-48). The two essential conditions for rack plating 
are that a large proportion of the electrical energy be not dissipated 
through useless plating on the rack, and secondly, that the metal 
deposited on the rack be not itself a substantial loss. A new coating 
is described, which eliminates metal build-up on the racks and, 
therefore, ensures a saving by the prevention of loss of metal from 
plating solutions. Furthermore, a reduction of as much as 40% 
may be obtained in the electrical consumption, while the quality 
of the plating has been improved, in addition to which the mainten- 
ance costs are much lower. 

Some Recent Developments in Chromium Plating. H. R. 
Simonds. (Iron Age, 1936, vol. 138, July 16, pp. 38-42, 114). The 
author describes two methods of chromium plating in use in England, 
which do not infringe existing patents. The first involves the 
addition of a secret salt to chromic acid, the resultant being a liquid 
with better throwing power than has hitherto been attained. The 
second process is known as brush plating. The brush used looks 
very much like a painter’s brush, but has a metal anode in the centre 
of the bristles. A jelly-like solution of chromic acid is used. 

Some Characteristics of. Electrodeposited Metals. L. Jenicek. 
(Seventh International Congress on Mining, Metallurgy and Applied 
Geology, Paris, Oct. 20-26, 1935, Metallurgical Section, vol. II., 
pp. 131-138: Revue de Métallurgie, Mémoires, 1986, vol. 33, June, 
pp. 371-378). The author presents the results of an investigation 
of the properties of metallic chromium obtained by electrodeposition. 
Micrographs of the metal as deposited and after annealing are 
reproduced, and data of the mechanical properties are recorded. 
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Notes on the properties of electrodeposited nickel, copper and iron 
are appended. 

Bright Nickel Plating. L. E. Stout. (American Electroplaters’ 
Society, 1936: Metal Industry, 1936, vol. 48, June 26, pp. 722- 
723). A short note on the behaviour of various brightening reagents 
is presented. 

Improvements in Bath and Deposits Increase Use of Black 
Nickel Plate. C. B. F. Young. (Steel, 1936, vol. 99, Aug. 10, 
pp. 40-42). This article deals with the baths and deposits in the 
black nickel electroplating process. 

Bright Electrodeposition of Cobalt. A. Chaybany. (Metal 
Industry, 1936, vol. 48, June 26, pp. 721-722). It is explained that 
the problem of producing bright deposits of cobalt is largely that of 
preventing the formation of Co(OH), (since the latter gives rise 
to a matt surface) and the evolution of hydrogen which accompanies 
it, according to the equation : 


2H,0 + CoSO,—-> Co(OH), + SO,*? + H, 


This is discussed, and a suitable bath composition for the production 
of bright cobalt is given. 

Use of Cobalt-Nickel Solutions to Produce Bright Electrodeposits. 
L. Weisberg. (Steel, 1936, vol. 99, July 13, pp. 43-46). The 
importance of chemical control of plating solutions is stressed and a 
new cobalt-nickel solution described. 

Corrosion-Protective Value of Electrodeposited Zinc and Cadmium 
Coatings. W. Blum, P. W. C. Strausser, and A. Brenner. (Metal 
Industry, 1936, vol. 48, May 22, pp. 591-594; May 29, pp. 615-618 ; 
June 5, pp. 639-643). 

The Webb Rust-Proofing Process. (Engineering, 1936, vol. 
142, July 24, p. 89). An electrolytic process for the treatment of 
steels and other metals to protect them from corrosion has recently 
been introduced and is described. It consists in coating, or ‘“‘ im- 
pregnating ”’ as it is termed, the articles to be treated with a rust- 
proof, non-corrosive alloy. 

Wood Joins Steel in New Sheet Applications. R. A. Fiske. 
(Iron Age, 1936, vol. 138, July 2, pp. 30-33). The production and 
applications of two composite materials, known as “ Steelwood ”’ 
and ‘ Plymetl,” are described. The former consists of veneers of 
wood glued to sheet steel; the latter of thin sheet steel glued to 
plywood. 

A New Galvanising Furnace. W. H. Spowers, jun. (Blast Furnace 
and Steel Plant, 1936, vol. 24, June, pp. 512-513, 538). The author 
describes the first galvanising kettle heated by vertical alloy tubes 
heated from the inside by gas and applying to the side walls of the 
galvanising kettle heat given off by the glowing tubes. In this new 
installation a series of vertical tubes is located inside the furnace 
walls. (See p. 1204). 
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Corrosion after Pickling Major Source of Galvaniser’s Dross. 
W. G. Imhoff. (Iron Age, 1936, vol. 138, Aug. 6, pp. 34-37, 95). 
The conclusion of a series of articles dealing with the reducing action 
of molten zinc in galvanising baths upon roll scale. The results of 
the investigation described show that zine and roll scale react to 
form dross, and that the higher the temperature employed the more 
intense the reaction becomes. (See Journ. I. and S§.I., 1936, 
No. I., p. 225 a). 

Electro-Galvanising of Round Wire. A. Weisselberg. (Wire 
and Wire Products, 1936, vol. 11, June, pp. 281-285, 290). After 
examining the early attempts, in Europe and elsewhere, to devise 
a successful method of electro-galvanising round wire, the author 
describes the processes—such as the Bethanising method of Tainton, 
and the Langbein-Pfanhauser process—now in satisfactory operation. 
In conclusion the quality and cost of the electro-galvanising processes 
are briefly touched on, and the advantages are set out. 

An Electrolytic Test for Zinc Coating on Wire. . S. C. Britton. 
(Wire Industry, 1936, vol. 3, Apr., pp. 177-181; May, pp. 223- 
225). The specimen of galvanised wire is made the anode of an 
electrolytic cell. A known current is passed for a definite time, 
and the wire is tested for removal of the zinc by immersion in copper 
sulphate solution; a red deposit indicates that the iron base has 
been exposed, and a black deposit that zinc remains on the wire. 
This test may be used with the standard wrapping treatment to 
determine the brittleness of a coating. It may also be employed 
for estimating the useful thickness of coatings and investigating 
their structure. The electrolytic test is shown to be more satis- 
factory than the Preece test, although the electrolytic test itself has 
limitations. 

How to Tin Grey Iron Castings. J. R. Swanton. (Foundry, 
1936, vol. 64, June, pp. 26-27, 87). Detailed information is given, 
which covers every phase of equipment, materials, and operation. 
Difficulties are stated to be due to temperature, handling, or both. 
Control of the roughing pot temperature is essential. The use of 
wire mesh baskets for small castings is advocated, and the usual 
practice of recovering tin from splashes is described. 

A Unique Tinplate. T. W. Lippert. (Iron Age, 1936, vol. 138, 
July 2, pp. 20-23, 84). The Crucible Steel Co. of America proposes 
to introduce electrodeposited tinplate as a commercial product. 
A brief outline of the process to be adopted is presented in the 
form of a catechism. The electrodeposited tin coating is stated to 
be very free from porosity. 

A Tin-Plate Grading Machine. (Engineer, 1936, vol. 162, Aug. 
21, pp. 181-182). A new machine for grading tinplates is described 
and illustrated. The machine deals with sheets at a rate of up to 
20 per min., and automatically sorts them into the “light” and 
“heavy ” groups within preset tolerances. 

Influence of Working Conditions on the Porosity of Tinplate. 
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W. E. Hoare. (Metallurgist, 1936, Apr. 24, pp. 115-119). A 
critical review is given of a paper by F. Peter and G. Le Gal which 
appeared in Archiv fiir das Eisenhiittenwesen, 1935, vol. 9, Dec., 
pp. 285-287. (See Journ. I. and 8.1. 1936, No. I., p. 19 4). 

A Contribution to the Study of Metal Coating with the Pistol. 
J. Fassbinder and P. Soulary. (Twelfth International Congress of 
Acetylene, Oxy-Acetylene Welding, and Allied Industries, London, 
June, 1936). The authors have made a study of the peculiar 
structure that exists in deposits made by metallisation with the 
pistol, and they put forward certain methods for assessing the 
mechanical properties and the resistance to corrosion so obtained. 
These methods are applied in making comparisons between the 
layers of metal formed with the wire pistol and the powder pistol, 
and in investigating the effect of certain methods of procedure on 
the homogeneity of the layers. It is shown by the results of 
numerous tests that, generally speaking, the cohesion within the 
deposits, and their adhesion to members of structural mild steel, 
are sufficient to allow of such members being statically stressed up 
to their limit of elasticity without the protective coatings being 
liable to crack or peel off. The resistance of aluminium and zine 
deposits to natural corrosive agents such as atmospheric air, sea 
water and saline humidity is excellent. Generally speaking, the 
deposits obtained by the use of a metal wire show some superiority 
over those made with a powder pistol. The effect on the internal 
oxidation and homogeneity of the deposits which may be attributed 
to the pistol being moved about during the process of metallising, 
and to the substitution of compressed nitrogen for compressed air 
as the pulverising agent, is also studied and gives rise to notable 
observations. 

The Enamelling of Iron and Steel Tubes. (Internationale 
Réhrenindustrie, 1936, Aug., pp. 2-3). This article describes the 
composition of enamels suitable for iron and steel tubes, as well 
as the process by which they are applied. 

Surface Treatment and Finishing. (Steel, 1936, vol. 98, Mar. 23, 
p. 49). A brief note on a new electrolytic method of stripping the 
enamel or lacquer coatings on faulty parts is presented. The work 
is placed in an alkaline electrolytic bath and made the anode and 
cathode of the cell alternately. 

Surface Treatment and Finishing. (Steel, 1936, vol. 98, May 4, 
pp. 54-59). The preparation of the surfaces of steel articles for 
enamelling is considered; particular attention is given to pickling 
and nickelling (producing a coating of nickel by immersion in a 
solution of a nickel salt). The defects likely to occur are dealt with. 

Cast Iron for Vitreous Enamelling. H. T. Angus. (Institute 
of Vitreous Enamellers: Foundry Trade Journal, 1936, vol. 55, 
July 2, pp. 12-14). The factors which have been suggested as 
promoting blistering in vitreous enamelled cast-iron ware—viz., 
absorbed gases, porosity in the metal, dirt inclusions, micro-chill 
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and heat capacity—are each briefly examined. It is concluded 
that blistering depends on (1) the ability of the surface to absorb 
oxygen and oxide, (2) graphite formation, and the porosity of the 
surface, and probably (3) the stability of the cementite and hence 
the rate of gas evolution. The presence of micro-chill does not 
appear to be a main factor. 

Opacifiers in Wet and Dry Enamels. L. Stuckert. (Technical 
Publications of the International Tin Research and Development 
Council, Series A, 1936, No. 42). This paper, presented to the Union 
of German Enamel Technologists, Leipzig, Feb., 1936, deals with the 
effect of opacifying agents on the refractive index and other physical 
and chemical properties of wet and dry enamels. 

Permeability of Paint Films to Moisture. J. D. Edwards and 
R. I. Wray. (Industrial and Engineering Chemistry, 1936, vol. 28, 
May, pp. 549-553). In this investigation of the factors controlling 
the penetration of paint films by moisture, the permeability of the 
film was found to be closely proportional to the water-vapour con- 
centration;only within certain limits. Moisture absorption followed 
the same trend as moisture penetration. The effect of temperature 
within the range studied (60—90° F.) was small, but the permeability 
tended to decrease with rise in temperature. Upon ageing or ex- 
posure to the weather the permeability of a paint film first diminishes, 
then increases substantially, and eventually reaches a very low 
value at failure of the film. 

Paint Films of Controlled Thickness Produced for Testing Purposes. 
H. G. Arlt. (Steel, 1936, vol. 98, June 15, pp. 42-43). An auto- 
matic spraying machine for applying uniform coats of paints to 
surfaces for testing purposes has been devised by the Bell Telephone 
Laboratories. The spray gun is made to move automatically and 
at a uniform rate over the surface to be painted. 

Corrosion Protection Value of Paint Films Indicated by Electrical 
Device. (Steel, 1936, vol. 98, June 29, pp. 4446). The factors 
which determine the protective value of paint are briefly touched 
on, and a new device for estimating the corrosion resistance of such 
films is described. It consists of a megohmeter with a wide range; 
by applying the contacts to the metal base and to a drop of water 
on the paint film the electrical resistance (and hence permeability) 
may be determined. 
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(Continued from pp. 168 a—175 A) 


Some Problems of Modern Metallurgy. L. Guillet. (Génie Civil, 
1936, vol. 109, July 4, pp. 1-7; July 11, pp. 35-38; July 18, pp. 
53-60). In discussing the problems encountered in modern metal- 
lurgy, both ferrous and non-ferrous, the author reviews the present- 
day tendencies in the production of commercially pure metals, 
progress made in the study of defects in metallurgical products and 
methods for their diminution, and advances in the mechanical, 
thermal and chemical treatment of metals and alloys. In the first 
article reference is made to the making of refined cast iron. The 
second is devoted to a review of the defects that may occur in steels, 
both plain and alloy. The last instalment deals with modern 
methods of mechanical, thermal and chemical treatment, referring 
largely to steels. 

Strength of Metals in the Light of Modern Physics. H. J. Gough 
and W. A. Wood. (Journal of the Royal Aeronautical Society, 
1936, vol. 40, Aug., pp. 586-616). The authors present an account 
of their recent work on the deformation and fracture of metals in 
which precise methods of X-ray diffraction have been employed to 
make a systematic study of the changes produced in the crystalline 
structure of metals subjected to static tensile, and static torsional 
stressing, also to three types of cyclic stressing or fatigue. A prelim- 
inary section of the paper deals with cold-rolling and drawing, in 
order to show the relationship between the new work described and 
previous work dealing with the use of X-rays in studying the 
deformation characteristics of metals. A survey is also presented of 
the present position regarding strength and atomic structure, together 
with references to various theories regarding the imperfections of 
crystals as encountered in practice. 

The Significance of Numerical Values in the Mechanical Testing 
of Metals. L. Delville. (Métaux, 1936, vol. 11, July, pp. 140-147). 
The author considers the numerical standards used in the mechanical 
testing of metals, as well as their interpretation and comparative 
morphology. 

Toughness of Cast Irons from Transverse Stress/Strain Curves. 
G. L. Harbach. (Foundry Trade Journal, 1936, vol. 55, Aug. 20, 
pp. 141-145). It is suggested that transverse test stress/strain 
curves are particularly informative regarding the properties of the 
different types of cast irons now available, and that the study of 
them will go far to explain such apparent anomalies as cold-blast 

irons being tougher than hot-blast irons of similar strength, and 
the toughness of austenitic irons, despite their comparatively low 
strength. An exhaustive analysis of the factors involved is provided. 
Notes on Nadai’s Theory of Plasticity. K. Nagashima. (Trans- 
actions of the Society of Mechanical Engineers, Japan, 1935, 
P 
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vol. 1, Nov., pp. 368-374). In this paper the author describes 
a study of the partial yielding of hollow cylinders under internal 
pressure. (In Japanese). 

Contribution on the Problem of the Plasticity of Non-Metallic 
Inclusions in Steel. R. Schnell and E. Scheil. (Mitteilungen aus 
dem Forschungs-Institut der Vereinigte Stahlwerke A.-G., Dort- 
mund, 1934, vol. 4, No. 9: Zeitschrift des Vereines deutscher 
Ingenieure, 1936, vol. 80, July 11, pp. 681-682). A short account 
is given of the authors’ investigation of the capacity for deformation 
of non-metallic inclusions in steel. The specimens, heated to various 
temperatures, ranging up to 1260° C., were “ upset ”’ under a 100-ton 
press between dies heated to the same temperature ; the investigation 
was also extended to cover the examination of shafts and rolls. 

Comparative Tests on Small Notch Impact Samples with Different 
Depths and Diameters of Notch. R. Mailainder. (Archiv fiir das 
Kisenhiittenwesen, 1936, vol. 10, Aug., pp. 53-58). This paper 
describes the influence of the depth and diameter of notch on the 
inclination of the notch-toughness/testing-temperature curve and 
the scattering of the results of the test. It further deals with the 
relations of the notch impact values to each other, as obtained with 
three depths of notch. 

Flow-Hardening in Cold Rolling. W. Trinks. (Blast Furnace 
and Steel Plant, 1936, vol. 24, July, pp. 600-602). The author 
advances a simple explanation for flow-hardening, which is purely 
mechanical and does not concern itself with the interlocking slip 
bands in crystals. The author concludes with a challenge to metal- 
lurgists, physicists, and crystallographers, to disprove his theory. 

The Energy Absorbed in the Deformation of Steel. (Metallurgist, 
1936, Aug. 28, pp. 149-150). The change in the internal energy of a 
metal when subjected to plastic deformation is the subject of this 
abstract from a paper by H. Esser, H. Cornelius, and W. Banck in 
Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, pp. 529-533. (See p. 
744.) 

Investigations on the Stresses at Openings in Cylindrical Tubes. 
J. Henness. (Dr.-Ing.-Dissertation Technische Hochschule, Berlin, 
1935 : Stahl und Eisen, 1936, vol. 56, July 16, p. 820). The author 
reports the result of the investigation of the stress distribution in the 
neighbourhood of a connecting piece, 450 mm. in dia., riveted to a 
fire-tube boiler, 1600 mm. in dia. 

Flow Phenomena in the Mathar Method for Measuring Stress. 
G. Mesmer. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Aug. pp. 59-63). The boring of plates under tension produces 
increases in tension, which can lead to reproducible flow phenomena 
also when deformation is obstructed. Etching by Fry’s method at 
the side of borings in welding seams produced flow diagrams with 
a considerably greater length than the diameter of the boring. By 
comparison with tensile tests on bored rods it was determined that 
the larger main displacement can be increased by 50%. 
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Magnaflux Inspection Methods in Airplane Engines. H. J. 
Noble. (Metals and Alloys, 1936, vol. 7, July, pp. 167-170). 
Magnaflux is a process of locating defects in magnetised steel or 
magnetic alloys by means of a finely divided paramagnetic material. 
This article compares the dry method—in which the paramagnetic 
material is applied by dusting from a shaker directly on to the work— 
and the wet method—in which the paramagnetic material isapplied by 
dispersion in a vehicle such as kerosene and immersing the work in it. 

Endurance Tests on Riveted Joints. O. Graf. (Berichte des 
Ausschusses fiir Versuche im Stahlbau, 1935, Ausgabe B, 5. H: 
Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, July 25, 
pp. 920-922). The author summarises the work on the fatigue of 
riveted joints which he and his collaborators have carried out from 
1928 to 1935 at the Testing Station of the Technische Hochschule 
Stuttgart. On test-bars experiments have been made to examine 
the influence of transverse bore-holes, polishing and cold-work on 
the fatigue properties, and on riveted joints the tests have covered 
the influence of the number of load alternations and other factors 
on the fatigue, deformation during tensile endurance tests, the 
influence of the friction of the cover-plates, &c. 

Bending Fatigue Strength of Bars with Keyways and the Raising 
of the Endurance Strength by Surface Compression. H. Wiecker. 
(Mitteilungen des Wohler-Instituts Braunschweig, 1934, No. 19: 
Zeitschrift des Vereines deutscher Ingenieure, 1936, vol. 80, July 11, 
pp. 872-873). The author presents the results of bending fatigue 
tests carried out on test-pieces of ordinary commercial carbon steels, 
in which keyways had been cut, and on similar specimens to which 
metal masses had been attached. 

Simplified Determination of the Fatigue of Steel and of other 
Metals. A. Buchwald. (Génie Civil, 1936, vol. 109, July, 11, 
pp. 41-43). After discussing the phenomena of slip occurring in 
single crystals under stress, the author puts forward a definition 
of the fatigue strength of structural parts; he then gives con- 
sideration to the calculation of the fatigue strength. 

The Fatigue of Cast Iron. J. W. Donaldson. (Foundry Trade 
Journal, 1936, vol. 55, July 2, pp. 9-11). After giving a short 
account of early experiments on the fatigue of cast iron, the author 
summarises the work which has been carried out more recently. 
This includes researches on the fatigue properties of high-duty 
cast iron, the effect of surface finish, the influence of graphite and 
of the notch effect, the fatigue resistance of alloy cast iron, and 
the effect of speed of reversal, low temperatures, and combined 
cyclic stresses on the fatigue properties. It is concluded that cast 
iron has a relatively high endurance ratio; that the influence of 
surface finish is small; that the notch effect is less severe than with 
most other materials; that cast iron maintains its fatigue strength 
well; and that understressing increases the endurance limit to 
a greater extent than similar understressing in steel. 











228 a PROPERTIES AND TESTS. 


Fatigue Properties of Nitrided Steel. H. Sutton. (Metal Treat- 
ment, 1936, vol. 2, Summer issue, pp. 89-92). Owing to the number 
of applications in which nitrided steels are subjected to repeated 
stress the effect of nitriding on endurance is a matter of considerable 
importance, and recent investigations on the subject are reviewed 
in this article. Results from different sources agree that nitriding 
is accompanied by a substantial increase in the endurance range 
as determined by reversed bending. Fatigue failure does not 
begin at the surface, but at the junction of the case and core, which 
indicates that the endurance of nitrided parts is in a sense con- 
trolled by that of the core material. As a consequence, surface 
features that lead to stress concentrations, e.g., notches, threads 
and scratches, have a much smaller effect than in un-nitrided steel. 

Discussion of the Short-Time Methods of Determining Fatigue 
Strength. W. Spith. (Metallwirtschaft, 1936, vol. 15, July 31, 
pp. 726-729; Aug. 7, pp. 750-752). The more important short- 
time methods of determining fatigue strength are discussed, 
particularly the measurement of dynamic load/elongation curves 
and of the damping capacity. Attention is given to the long-time 
stressing tests contained in the literature, in order to trace the 
differences and errors observed still to-day. These errors are easily 
explained as being due to ideas developed from models. Sug- 
gestions for improvements in the making of impeccable short- 
time tests are put forward. 

A New Fatigue and Damping Testing Machine. O. Holt- 
schmidt. (Montanistische Rundschau, 1936, vol. 28, Aug. 16, 
Stahlbau-Technik, pp. 1-3). A new machine, built by the MRN 
concern, for testing the fatigue strength and damping capacity of 
metals is described and illustrated. 

Influence of the Test Conditions on the Results of the Brinell 
Hardness Testing of Cast Iron. H. Reininger. (Archiv fiir das 
Eisenhiittenwesen, 1936, vol. 10, July, pp. 29-31). A comparison 
of a very large number of individual measurements on machinery 
and cylinder castings showed that when testing the hardness in 
the standard manner with a 5-mm. ball smaller Brinell hardnesses 
were registered at places with similar structures and of equal wall 
thicknesses than were obtained with the 10-mm. ball; further, 
the scattering of the results was greater with the smaller ball. By 
means of a series of Brinell hardness determinations made on 
places situated close to one another, the relation between the hard- 
nesses recorded by the 5-mm. and 10-mm. ball was determined. 
Investigations of the structure showed that, above all, the amount, 
size and distribution of the graphite is responsible for the influence 
of the ball diameter on the result of Brinell hardnegs tests on cast 
iron. 

A New Hardness Tester. O. Welz. (Engineering Progress, 
1936, vol. 17, July, p. 157). Details are given of a new hardness- 
testing machine known as the Dia-Testor. The instrument is 
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available in three sizes, and makes use of a Brinell ball or Vickers 
indentor. An image of the impression is projected on to a ground- 
glass screen at a magnification of 20, 70 or 150 times, and is measured 
by means of a graduated scale. 

Abrasion Resistance. F. A. Wickerham. (Metal Progress, 
1936, vol. 30, July, pp. 64-66). The abrasion resistance of low-alloy 
steels (medium manganese) is discussed. 

Permalloys and Related Ferro-Magnetic Alloys. J. C. Chaston. 
(Metal Treatment, 1936, vol. 2, Summer issue, pp. 58-66, 71). After 
describing the characteristics of the high-permeability alloys the 
author shows how improvements and variations in properties have 
been obtained by varying the composition and treatment, attention 
being given to magnetic theory in relation to treatment, control of 
crystal orientation, and the effects of cooling in magnetic fields. 

The Evaporation of Metals. L.R. Jackson. (Metals and Alloys, 
1936, vol. 7, June, pp. 160-161). In this correlated abstract, the 
author reviews recent work on the loss of metals due to vapour 
pressure. He explains the fact, well known to open-hearth men, 
that zine-coated scrap may be used without fear of contamination, 
while tin-coated scrap must be avoided. The explanation is that, 
at steelmaking temperatures, zinc has an extremely high vapour 
pressure, making its elimination through volatilisation and sub- 
sequent oxidation inevitable, while tin at the same temperature 
with its lower vapour pressure is not entirely eliminated. It is 
further established that nickel and iron cannot be separated by 
distillation. The reason for this is that the vapour pressure curves 
of iron and nickel lie very close together. 

Specific Heat, Entropy and Work of Formation of Iron Carbide, 
Fe,C. C. Schwarz and H. Ulich. (Archiv fiir das Eisenhiitten- 
wesen, 1936, vol. 10, July, pp. 11-12). The authors discuss the 
possible errors that may be introduced in making calculations 
based on average specific heats. They make a comparison of the 
heat content obtained by measurements and by calculations, as 
carried out by Naeser, with their own values. In conclusion they 
deal with the specific heat and heat content of iron carbide. 

Strength Properties of Steels at Raised Temperatures. M. Ros 
and A. Eichinger. (Eidgenossischer Materialpriifungsanstalt an 
der E. T. H., Ziirich, 1934, Diskussionsbericht Nr. 87: Zeitschrift 
des Vereines deutscher Ingenieure, 1936, vol. 80, July 25, pp. 
922-923). The authors discuss the theory of the process of creep, 
the influence of multi-axial stressing, and fatigue, and present the 
results of hot tensile tests made on tool steels and of creep tests on 
a number of different steels. 

Some Aspects of the Behaviour of Carbon and Molybdenum 
Steels at High Temperatures. C. H. M. Jenkins, H. J. Tapsell, 
G. A. Mellor, and A. E. Johnson. (Chemical Engineering Congress 

of the World Power Conference, 1936). This paper gives an account 
of some important data arising out of a study of the creep and 
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corrosion of certain carbon and molybdenum steels at superheated- 
steam temperatures. The object of the study was to examine the 
effect of additions of alloying elements to carbon steels, molybdenum 
being chosen in the first place in view of its value in improving the 
creep properties of steel. 

The Reproduction of Time/Elongation Curves with Rohn’s 
Creep Limit Apparatus. A. Grunert and W. Rohn. (Archiv fiir 
das Eisenhiittenwesen, 1936, vol. 10, Aug., pp. 67-68). Rohn’s 
apparatus for the determination of the creep limit may be altered 
in simple fashion for the reproduction of time/elongation curves. 
This further development of the process is described in some detail. 

Tensile Properties of Steels at Temperatures Below and Above 
Normal. D. A. R. Clark. (Engineering, 1936, vol. 142, July 24, 
pp. 104-105). The article describes an investigation into the tensile 
properties of steel between the temperatures of — 185° C. and 
+ 200° C., all tests being performed on thin-walled tubing. Tubes 
were chosen, as there is less liability for any temperature gradient 
in the material. There does not appear to be any cause for alarm 
when materials are subjected to a constant stress at ordinary frost 
temperatures or at the moderately-low temperatures experienced 
in refrigerating plants, but if the machine part be subjected to 
shock, and there is a possibility of a concentration of stress, pre- 
cautions are needed in the choice of material used. 

Nickel Steels at Low Temperatures. B. G. Aldridge and G. C. 
Shepherd, jun. (Metals and Alloys, 1936, vol. 7, June, pp. 147- 
152; July, pp. 185-192). This paper reports an investigation of the 
impact properties of the 2}% nickel steels, and provides a correlation 
of impact figures secured with various notches and specimen dimen- 
sions on several lots of 2-2}% nickel steels. A standard Charpy 
2-7 ft.lb. machine and an Izod type impact machine were used 
and the test results reduced to a common basis. The problems 
involved in fusion welding and the effect of normalisation are 
discussed. 

A Cast-Iron Look-Out Tower. O. Vogel. (Stahl und Eisen, 
1936, vol. 56, July 16, pp. 820-821). A short note is given of the 
Friedrich-August Tower, 28 m. high, built in 1854 at the summit 
of the Lébauer Berg, near Lébau in the Oberlausitz. This tower, 
which was erected to the memory of the King of Saxony of that 
time, is built entirely of cast iron. 

Grey Cast Iron. J. W. Bolton. (Foundry, 1936, vol. 64, July, 
pp. 33-34, 80, 83). Some of the general engineering properties of 
grey iron and the general relationships of these to the structure 
and composition are discussed. 

Titanium Carbide in Grey Cast Iron. W. Hofmann and A. 
Schrader. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Aug., pp. 65-66). When alloying ferro-titanium with cast iron, 
an increasing quantity of a hard, cubic, greyish-white structural 
constituent is formed, which was separated out by the solution of 
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the alloy in cold, diluted hydrochloric acid, and recognised as 
titanium carbide by the Debye-Scherrer X-Ray method. This 
titanium carbide also appears in the usual titaniferous grey cast iron. 

A Study of the Influence of Manganese and Molybdenum Additions 
to Cast Iron. J. E. Hurst. (Foundry Trade Journal, 1936, vol. 
55, July 16, pp. 39-42; July 23, pp. 66-70). An investigation 
conducted to study the influence of additions of manganese and 
molybdenum conjointly to cast iron is described. The comments 
are purely general and intended to focus attention on some directions 
in which it is possible that results might prove of value. 

Modern Cast Irons in Chemical Plant Equipment. J. G. Pearce. 
(Chemical Engineering Congress of the World Power Conference, 
1936). The author reviews recent developments in cast iron of 
interest to the chemical engineer, with special reference to increased 
resistance to mechanical stress (i.e. strength), to heat, and to 
corrosion. 

Use of Cast Iron in the Chemical Industry. H. L. Maxwell. 
(Chemical Engineering Congress of the World Power Conference, 
1936). The author reviews the properties and some applications of 
plain and low-alloy cast irons as used under mild conditions of 
temperature and corrosion, and then proceeds to the more highly 
alloyed irons used under the more severe service conditions. 

The Influence of Phosphorus on the Properties of Basic Unalloyed 
Steel. A. Ristow, K. Daeves, and E. H. Schulz. (Stahl und Eisen, 
1936, vol. 56, Aug. 6, pp. 889-899; Aug. 13, pp. 921-927). Efforts 
made in the basic pig-and-scrap method of steelmaking and in the 
basic Bessemer converter to obtain low phosphorus contents in the 
finished steel, lead to increased oxygen contents in the slag and the 
metal, to an unnecessarily large quantity of slag, and to very in- 
efficient economy of the manganese. The mechanical properties 
of unalloyed structural and rail steels are, in general, not adversely 
affected by medium contents of phosphorus, and some of the 
properties—wear resistance, weldability, machinability, corrosion 
resistance—are improved to some extent. The production of low 
phosphorus contents can lead, directly or indirectly, to certain defects, 
such as non-metallic inclusions, bad fire-weldability, stickers in 
thin sheets, and bad wear resistance in rails. 

The Properties of Free-Cutting Steels. K. Stein. (Stahl und 
Eisen, 1936, vol. 56, Sept. 3, pp. 993-999). The properties 
of free-cutting steels are discussed. Their characteristic high 
phosphorus and sulphur content, to which their good machinability 
is due, cannot be regarded as disadvantageous. Their use for case- 
hardening, especially steel free from segregation, is not reduced 
thereby, as the sulphur content and the segregations are without 
appreciable influence on the quantity and depth of penetration 
of the absorbed carbon. The strength properties on the whole 
conform to those of unalloyed steels with the same tensile strength. 
The high phosphorus content has a favourable effect on the fatigue 
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strength and the notch sensitivity. German free-cutting steels 
are fully equal in quality to American free-cutting steels. A 
standardisation of the German free-cutting steels is impossible so 
long as there does not exist a rapid test method which will give 
definite comparative and repeatable results, for the most important 
property of these steels, namely, their machinability. 

Nickel Alloy Steels and Cast Irons in Locomotives. A. E. Moss 
and H. Okuda. (Japan Nickel Review, 1936, vol. 4, July, pp. 
416-448). The object of this paper is to aid engineers and designers 
in specifying steel materials and cast iron which will possess suitable 
characteristics for use in locomotives, and if possible reduce the 
weight of the individual parts. Essential requirements stated 
are: High strength and elasticity, maintenance of toughness at 
low temperatures, strength at elevated temperatures, freedom from 
embrittlement during manufacture and in service, and resistance 
to corrosion, stress corrosion, or corrosion fatigue. Nickel steels 
possess these properties to a high degree. 

Nickel Alloys in Diesel Locomotives and in Railears. K. Take- 
mura. (Japan Nickel Review, 1936, vol. 4, July, pp. 449-471). 
The demand for higher speed and greater horse power in internal 
combustion engines has stimulated the search for light materials 
of superior qualities, and as a result nickel alloy steels, cast irons, 
and high-quality light aluminium alloys are gradually replacing 
carbon steels and ordinary cast irons as engine part materials. The 
author describes suitable alloys and their application. 

Use of Nickel by the Japanese Government Railways. H. 
Yoshizawa. (Japan Nickel Review, 1936, vol. 4, July, pp. 472- 
474). The author reviews the light alloys and high-strength alloy 
steels used by the Japanese Government Railways with the object 
of reducing the weight of parts. A future for the use of nickel- 
chromium stainless steels is indicated. 

Alloy-Steel Screw Conveyors. (Colliery Engineering, 1936, 
vol. 13, Aug., p. 283). A new application of nickel, chromium, 
and molybdenum steels is described in the form of spiral conveyor 
feed screws. 

Heat-, Rust-, and Acid-resisting Steels. W. H. Hatfield. 
(Chemical Engineering Congress of the World Power Conference, 
1936). This paper is a survey of all the best known and used types 
of corrosion-resisting and heat-resisting steels available at the 
present time. The author devotes the latter portion of this paper to 
the manipulation of the different steels. 

Steels for Autoclaves. R. J. Sarjant and T. H. Middleham. 
(Chemical Engineering Congress of the World Power Conference, 
1936). A review is given of the operating conditions of the processes 
in which autoclaves are used, and of the bearing of the principles 
of design on the stresses produced, in order to arrive at an assess- 
ment of the properties required in the steels used in their construc- 
tion. The most important mechanical properties are indicated as 
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being resistance to creep and to embrittlement during extended 
heating. The subject of the attack of steels by hydrogen is specially 
considered. 

Metallurgical Progress and the Gas Industry. L. Sanderson. 
(Gas World, 1936, vol. 105, Aug. 8, pp. 123-124). This article is 
an attempt to summarise for workers in the gas industry the most 
important and interesting developments of a metallurgical character 
during the past twelve months or so. Such subjects as corrosion- 
resisting steels, stainless steels, surface hardening of mild steels by 
the nitriding process, nickel wrought iron, and bright annealing are 
referred to. Special mention is, further, made of the gas carburising 
process and the oxy-ferrolene process for cutting and welding. 

Steel Metallurgy in Relation to Marine Engineering. W. H. 
Hatfield. (Journal of the Junior Institution of Engineers, 1936, 
vol. 46, July, pp. 419-448). This lecture deals principally with the 
specifications governing the application of steel to marine engineering. 
The steels suitable for the various parts used in marine engineering, 
including engine parts and hull, are recorded or postulated. There is, 
further, the analysis, the history, and the ultimate properties of the 
numerous parts produced for the marine engineering industry by 
the Firth-Brown works. 

The Influence of Galvanising on the Bending Fatigue Strength 
and the Uniformity of Strength Properties of Drawn Steel Wire. 
F. Greis and H. Ruppik. (Archiv fiir das Eisenhiittenwesen, 1936, 
vol. 10, Aug., pp. 69-71). This article describes the result of an 
investigation of the influence of galvanising and of chilling in water 
subsequent to leaving the zinc bath on the degree and uniformity of 
tensile strength, elongation, bending value, and torsion value over 
the entire length of the wire, as well as the bending fatigue 
strength of wires of unalloyed steel with a carbon content of 
0-5 to 0-8%. 

Tests of Eight Large H-Shaped Columns Fabricated from Carbon- 
Manganese Steel. A. H. Stang, H. L. Whittemore, and L. R. 
Sweetman. (Journal of Research of the National Bureau of 
Standards, 1936, vol. 16, June, pp. 595-626). This paper gives 
the results of an investigation into the behaviour of compression 
members of carbon-manganese steel, such as were used for the 
compression chords of the Bayonne arch bridge. Eight columns 
were tested, and the shortening and lateral deflection under load 
measured. The strain was also measured on seven 2 in. vertical 
gauge lines near the top and bottom of the columns and at mid- 
height. The properties of the material were determined by tensile 
tests of coupons. It was found that all columns deflected in a 
direction perpendicular to the web. Apparently there was no 
relation between the direction in which the columns deflected and 
the distribution of the yield strength of the material across the 
column. For seven of the eight columns the strength exceeded 
the capacity of the testing machine (10,000 kips). The column 
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efficiency was obtained by dividing the column yield strength by 
the weighted yield strength of the column material. 

Tests of Steel Chord Members for the Bayonne Bridge. A. H. 
Stang, H. L. Whittemore, and L. R. Sweetman. (Journal of 
Research of the National Bureau of Standards, 1936, vol. 16, 
June, pp. 627-637). This paper reviews the results of an investi- 
gation into the strength and other properties of the lower-chord 
members. These members were made of carbon-manganese steel 
and were of the double-box type, having diaphragms and continuous 
walls. Two columns were tested. The shortening and lateral 
deflection were measured. The tensile properties and chemical 
composition of the material were determined from coupons. It 
was found that: 1. The loading was nearly axial. 2. The Young’s 
modulus of elasticity increased slightly for repeated loadings. 
3. For stresses which were nearly the maximum stresses in the 
columns, the lateral deflection was very small. 4. Under a stress 
of about 38 kips per sq. in., the two cover plates began to buckle 
for their entire length and the buckles increased as the load increased. 
The results on these two columns are in substantial agreement with 
the values obtained by the use of Bryan’s formula for the com- 
pressive stress under which wide plates may be expected to buckle. 
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(Continued from pp. 136 a—138 a) 


A New Method of Polishing Metallic Surfaces. (Metallurgist, 
1936, Aug. 28, pp. 150-152). An electrolytic method of polishing 
metals for micro-examination, which removes the mechanical dis- 
turbance of the surface caused in the preliminary smoothing of 
the metal, is described. 

The Preparation of Metal Specimens for the Microscope. R. C. 
Stockton. (Metallurgia, 1936, vol. 14, July, pp. 57-58). When 
investigating the structure of metals by means of the microscope 
it is necessary to exercise care in the selection and preparation of 
specimens in order that instructive micrographs can be obtained 
which will give reliable information regarding their structures. 
This article discusses some of the simple precautions to be taken. 

The Preparation and Microscopic Examination of Metallic 
Specimens. G. W. Pirk. (Wire and Wire Products, 1936, vol. 11, 
Aug., pp. 378-382). This is a study of the microscopic examination of 
metals, and deals with the methods of selecting samples, cutting and 
mounting, and polishing the specimens. 

The Application of X-Rays to Metallurgy. C. H. Plant. (Metal- 
lurgia, 1936, vol. 14, July, pp. 71-73). This is an article designed 
to familiarise the average worker with the working of X-ray ap- 
paratus and to show its application to metallurgy in a form which 
can be readily understood. 

X-Rays and Atoms. R.C. Woods. (Metals and Alloys, 1936, 
vol. 7, July, pp. 181-184). This is a study of the relations existing 
between matter and X-rays in the material-analysis field. Some 
factors relating to this subject are discussed as simply and non- 
mathematically as possible. 

Radium Inspection of Metal Structures. R.C. Woods. (Iron 
Age, 1936, vol. 138, July 16, pp. 46-48, 114-115). The author of this 
article reviews the use made of radium for revealing interior defects 
in metals. X-ray apparatus is useless when confronted with objects 
of 4 in. or more of solid steel. Radium also proves cheaper and 
more convenient for inspecting a number of items simultaneously, 
i.e., by the so-called “ group picture.’ This is especially the case 
when testing pump housings, pistons, engine heads, rotor shafts, 
railway wheels, &c. 

The Constituents of Steels and their Appearance Considered as 
Disperse Systems. J. Seigle. (Revue de |’Industrie Minérale, 1936, 
No. 369, Mémoires, May 1, pp. 474-480 ; No. 374, Mémoires, July 15, 
pp. 815-832). In previous papers the author has recorded a number 
of dilatometric, magnetic, and micrographic observations which have 
led him to suppose that the «~y transformation extends over the 
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whole range between the A, and A, points, that there was probably 
a complete series of mixtures in between the pure « and pure y 
limits, and that there were probably corresponding changes in the 
solubility of the carbon. Certain objections have been raised to 
the author’s suppositions, but nevertheless he gave details of a large 
number of characteristics for which, he says, no satisfactory explana- 
tion based on the eutectoid theory has been advanced. His present 
purpose is to indicate a number of resemblances between the micro- 
graphic constituents and appearances of steels and the more or 
less dispersed conditions of matter presented by certain so-called 
colloidal liquid or solid solutions, and he deals with his subject 
under the following headings: (a) Dispersion, greater or less, of 
one substance in another; dispersion, and the Phase Rule. (6) 
Examples of disperse systems formed from a single element. (c) 
Substances capable of dispersion in iron and steel. (d) Data re- 
vealed by X-ray diffraction studies. (e) Information yielded by 
dilatometric diagrams on the relative proportions of « and y phase ; 
examples of instability and stability of the « and y states when the 
temperature varies; resemblance to colloidal solutions; ageing 
phenomena. (f) Continuities and discontinuities in constituents, 
and their appearance, in ordinary steels. 

New Terminology—‘‘ Liquidoid ”’ and ‘‘ Solidoid.’’ A. Sauveur. 
(Metals and Alloys, 1936, vol. 7, June, p. 165). In a letter to the 
editor, the author advocates the use of two new words, namely : 
“ liquidoid ”’ to indicate the beginning of the formation of a new 
phase from a solid solution, suggestive of liquidus which refers to 
the beginning of the formation of a solid phase from a liquid solution, 
and “ solidoid ”’ indicating the end of the phenomenon suggestive 
of solidus which marks the end of the solidification. The meeting 
point of the liquidus curves indicates the formation of a eutectic, 
whereas in a similar manner the meeting point of the liquidoid 
curves indicates the formation of a eutectoid. 

On the Transformation Gamma-> Alpha of Stainless Invar 
Caused by Stress and the Mechanism of the Transformation. Z. 
Nishiyama. (Science Reports of the Téhoku Imperial University, 
1936, vol. 25, pp. 95-103). 

The Iron-Aluminium-Carbon System. (Metallurgist, 1936, Aug. 
28, pp. 148-149). An abstract of the study by R. Vogel and H. 
Mader in Archiv fiir das Eisenhiittenwesen, 1936, vol. 9, Jan., pp. 
333-340. (See Journ. I. and 8. Inst., 1936, No. I., p. 237 ). 

Iron-Chromium-Carbon Alloys. (Metallurgist, 1936, Aug. 28, 
pp. 152-155). This is an abstract of a paper by W. Tofaute, C. 
Kiittner, and A. Bittinghaus in Archiv fiir das Kigenhiittenwesen, 
1936, vol. 9, June, pp. 607-617. (See p. 137 a). 

X-Ray Investigation of the Iron-Chromium-Silicon Phase 
Diagram. A. G. H. Andersen and E. R. Jette. (Transactions 
of the American Society for Metals, 1936, vol. 24, June, pp. 375- 
419). Applying only the methods of X-ray crystal structure analysis, 
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the authors have determined a large portion of the phase diagram 
of the ternary system, iron-chromium-silicon. It was possible 
(1) to study the equilibrium reactions between the alpha phase 
and three other phases based respectively on the binary phases 
Fe,Si,, Cr,Si, and FeCr, (2) to determine the alpha-phase boundaries 
with respect to these three phases at three temperatures, (3) to 
construct the parametric surfaces for the major portion of the 
ternary alpha-phase alloys and for the adjacent two-phase regions, 
and (4) to indicate the more important features of the greater 
portion of the remainder of the ternary system. 

Alloys of Iron, Manganese and Carbon—Part XV. The Ternary 
Diagram and General Summary. F. M. Walters, jun., and C. Wells. 
(Transactions of the American Society for Metals, 1936, vol. 24, 
June, pp. 359-374). This paper summarises the work done in the 
Metals Research Laboratory of the Carnegie Institute of Technology 
on the constitution and properties of high-purity iron-manganese 
alloys (0-100°% manganese) and of high-purity iron-manganese- 
carbon alloys (0-14% manganese and 0-02-1-4% carbon). The 
phases involved in this study are the alpha, gamma, and epsilon 
phases in the iron-rich alloys, and alpha, beta, and gamma phases 
in the manganese-rich alloys. In the ternary alloys studied, the 
carbide observed was cementite in which up to a fourth of the iron 
atoms were replaced by manganese atoms. 

New Research Laboratory of the London Midland and Scottish Rail- 
way Company. (Iron and Coal Trades Review, 1935, vol. 131, Dec. 13, 
p. 987). A description of the new research laboratory of the L.M.S. 
Railway Company at Derby is furnished. The ground floor includes 
a metallography room, chemical laboratory, pyrometry room, cor- 
rosion laboratory, constant-temperature and humidity room, library 
and drawing office. The workshop block comprises engineering test 
rooms, a furnace room and a workshop. The second floor of the 
building is devoted to the testing of paints and textiles. 

New Production and Research Laboratories. (Metallurgia, 1936, 
vol. 13, Feb., pp. 101-103). A description of the laboratories at the 
Slough Works of Messrs. High Duty Alloys, Ltd., is presented. 
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Topo-Chemical Trends in Corrosion Phenomena. V. Kohl- 
schiitter. (Korrosion und Metallschutz, 1936, vol. 12, May—June, 
pp. 118-123). By means of a typical and actual case of corrosion 
the author gives a detailed description of the complicated interplay 
of cause and effect, which obtains in the case of all sub-phenomena 
grouped about the problem of corrosion. 

The Electro-Chemical Mechanism of Corrosion. U. R. Evans. 
(Korrosion und Metallschutz, 1936, vol. 12, May-June, pp. 105- 
107). It is well known that the influence of the electric current is 
decisive at ordinary temperatures in corrosion by liquids. The 
author demonstrates with the aid of experiments that corrosion is 
largely an electro-chemical, and not purely a chemical phenomenon. 
A purely chemical attack would produce a fairly insoluble protective 
layer by reaction, and thus stop any further attack; the electro- 
chemical process, however, produces two very soluble products, 
which cannot obstruct the further attack. 

The Course of Corrosion as Demonstrated by Contact Photographs. 
N. Goldowski. (Korrosion und Metallschutz, 1936, vol. 12, May- 
June, pp. 108-118). The author describes a new qualitative and 
quantitative method for the determination of corrosion by means of 
contact photographs. It was possible to determine whether an 
increase in the number of attacking points took place, or whether 
the area of the individual holes increased. Two distinct kinds of 
corrosion were distinguished : (1) A corrosion, characterised mainly 
by an increase in the number of attacking points, and extending in 
accordance with an exponential function curve. (2) A corrosion, 
characterised mainly by the enlargement of the attacking points, 
and extending in accordance with a parabolic function curve. 

The Influence of Oxygen on the Potential of Local Cathodes. M. 
Straumanis, A. Lugge, and E. Ence. (Korrosion und Metallschutz, 
1936, vol. 12, May-June, pp. 148-154). Local elements, which 
cannot be reached by oxygen, have only a low e.m-.f. in the case of 
ordinary corrosion; the latter increases immediately, as does also 
the speed of corrosion, as soon as the oxygen has free access. This 
explains the corrosion by unequal aeration observed by Evans, which 
is produced as a result of the differences in potential caused by the 
easier access of oxygen to a part of the same metal; the small 
quantity of hydrogen present in the metal is oxidised, a higher 
potential is created, and the spot becomes cathodic. 

A Contribution to the Explanation of the Differential Effect. 
W. O. Kroenig and V. N. Uspenskaya. (Korrosion und Metall- 
schutz, 1936, vol. 12, May-June, pp. 123-132). A number of 
investigators have determined that the hydrogen formation at the 
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zine electrode diminishes in acids, when a zinc and a platinum 
electrode are electrically connected. This phenomenon was named 
“ positive differential effect’? by A. Thiel, who was the first to draw 
attention to it. The present authors, on the basis of their own 
experiments and the criticism of the work of other investigators, 
conclude that the opinion expressed by Thiel, according to which the 
differential effect is caused by a change of the interior resistance 
of the local element, is wrong. A second possible explanation of 
the differential effect, and based on G. W. Akimow’s theory of the 
poly-electrode element, could not be confirmed. The experiments 
made confirm that the differential effect is caused by the raising 
of the anode potential with increasing current at the anode, which 
is the result of an externally applied current when connection is 
made to a new cathode. The displacement of the anode potential 
to higher values, which also causes the differential effect, is produced 
by an increase of the ion concentration of the dissolving metal in the 
vicinity of the anode, which is conditioned by the increased dis- 
solution of the anode. 

Contribution to the Theory of Corrosion Phenomena. W. J. 
Miiller. (Korrosion und Metallschutz, 1936, vol. 12, May-June, 
pp. 132-138). This paper continues the theoretical investigations 
on corrosion phenomena by Professor Miiller of Vienna. It is 
devoted to the application of the theory of local elements to cor- 
rosion problems and concludes with the observation that the entire 
effect may be expressed by the sum of the conductivity in the pores, 
the sum of the conductivities of the layer, and the sum of the 
conductivities in the electrolyte. The probable correctness of the 
theory of discontinuous coating is finally prophesied. 

A Rapid Testing Method in Corrosion Investigations. W. Palmaer. 
(Korrosion und Metallschutz, 1936, vol. 12, May-June, pp. 139-148). 
In this paper read to the 5th Corrosion Congress in Berlin, the author 
reviews the general theory of corrosion, and the validity of the theory 
of local elements for the rusting of iron. He then proceeds to 
describe the proposed rapid testing method. Its principal charac- 
teristic is that the metal to be tested is coated with a film of 
electrically conductive solutions of hygroscopic salts, such as CaCl, 
or LiCl, after which the corrosion is observed daily. 

Corrosion and its Relation to Grey-Iron Casting Production. 
F. Hudson. (Foundry Trade Journal, 1936, vol. 55, Aug. 13, 
pp. 117-120). In this paper the author gives typical practical 
examples of the types of corrosion attack on grey cast iron. He 
states that in the majority of cases this attack is not connected with 
production methods and is essentially due to service conditions. 
Modification of the normal composition of grey cast iron is not 
likely to have any great effect upon obtaining improved resistance, 
and at the present time the only positive way of minimising attack 
is to employ one of the recognised corrosion-resisting alloy cast irons. 
These are relatively expensive, and more economical developments 
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might result from an investigation into the factors connected with 
the production of a corrosion-resisting skin and the effect of alloy 
additions upon ferrous metals containing 1-0 to 2-5% of carbon. 
The Corrosion-Resisting Properties of the Ferrous Materials 
Used in Gas Pipe Manufacture. J. E. Fletcher. (Gas World, 1936, 
vol. 105, Aug. 22, pp. 154-155). The author reviews the existing 
knowledge of the corrosion-resisting properties of ferrous materials 
in the light of the special claims advanced for wrought iron. The 
piled structure of wrought iron and the slag effect as influencing 
the resistance of wrought iron to corrosion are considered. 
Corrosion and Protection of Cast-Iron and Steel Pipe-Lines in the 
Soil. C. A. H. von Wolzogen Kir and J. P. Pfeiffer. (Chemical 
Engineering Congress of the World Power Conference, 1936). 
Part I. of this paper discusses the mechanism of aerobic and anaerobic 
corrosion in the soil. Part II. discusses the protection of pipe-lines 
by bituminous coatings, and the conditions which must be fulfilled 
by the latter. 
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(Continued from pp. 143 a—144 a) 


The Manganese Deposits at the Cape, on the Gold Coast and in 
Egypt. Hermann. (Metall und Erz: Génie Civil, 1936, vol. 109, 
July 25, pp. 91-92). A note on the manganese ore deposits in Cape 
Province, the Gold Coast and Egypt. 

Ores and Mineral Workings in the Dauphiné. P. Buffault. 
(Revue Générale des Sciences, 1936, vol. 47, July 15, pp. 390-394). 
The author presents a brief review of the mineral wealth of the Alps 
of the Dauphiné. Deposits of spathic iron ore are found in the 
Alpes de Belledonne; they were worked in the earliest times. 

The Metallogenesis of the Manganese Deposits of the Black 
Mountain of Aude et Hérault. K. Esparseil. (Revue de |’Industrie 
Minérale, Mémoires, 1936, No. 377, Sept. 1, pp. 948-954). The 
deposits of manganese ore in question occur in the Montagne Noir 
in the departments of Aude and Hérault (France), 20 km. north-east 
of Carcassonne. The deposits and the history of the mines are 
described, and the formation of the deposits is discussed. 

The Coal Deposits of the Kusnezk Basin (West Siberia). A. 
Pollak. (Zeitschrift fiir praktische Geologie, 1936, vol. 44, July, 
pp. 105-109). The coal deposits in the Kusnezk Basin in Western 
Siberia are described, and their extent is indicated. Up till a few 
years ago they were of comparative unimportance owing to their 
inaccessibility, but now, with the advent of main railway lines and 
the industrialisation of this part of Russia, their importance as a 
centre of coal and heavy industries has grown very great. 

Industrial Ores and their Extraction in China. W.H. Wong and 
T. F. Hou. (Seventh International Congress on Mining, Metallurgy 
and Applied Geology, Paris, Oct. 20-26, 1935, Applied Geology 
Section, vol. I., pp. 231-240). After touching on the mineral 
resources of China and their reserves, the authors review various 

mining activities in that country, including coal, iron, manganese, 
tungsten and molybdenum, giving indications of the outputs 
produced. 








REFRACTORY MATERIALS 


(Continued from pp. 188 a—189 a) 


Refractories. T. Firkin. (Australasian Engineer, 1936, vol. 
36, Aug. 7, pp. 20a-206). The author discusses the utility of 
refractories under the main headings of resistance to destruction, 
strength and confinement of heat. He then goes on to compare 
acid, basic and neutral refractories. 

Progress in Furnace Refractories. J.D. Sullivan. (Mining and 
Metallurgy, 1936, vol. 17, June, pp. 299-301). A discussion of the 
developments of the past decade in the field of refractories, and the 
effect of these developments on the performance and life of open- 
hearth furnaces. 

Heat and Ceramics. P. Bremond. (Chaleur et Industrie, 
1936, vol. 17, Mar., pp. 81-88). This series of articles will deal in a 
general way with the utilisation of heat in the ceramic industry, 
and particularly with the solution of certain problems relating to 
the firing kilns and the use of refractory products. In this the first 
article the author reviews the raw materials to be treated, and then 
discusses some of the important physico-chemical phenomena which 
occur during the process of firing in the manufacture of refractories. 

The Influence of Degree of Vacuum and Time of Soaking on the 
Determination of Apparent Porosity and True Specific Gravity. 
H. Oliver and K. M. Roberts. (‘Transactions of the Ceramic Society, 
1936, vol. 35, July, pp. 337-351). The authors describe the testing 
technique employed by them, which in the main follows the lines 
laid down in the specifications of the Institution of Gas Engineers. 
The results obtained on a number of refractory bricks are given in 
tabular and graphic form, and lead to the conclusions that to obtain 
the most accurate result for apparent porosity the highest possible 
degree of vacuum should be used, and that the influence of the degree 
of vacuum is much greater than that of soaking time. The authors 
state that, from a selling point of view, it would be more satisfactory 
to have porosity and specific gravity results on a comparative basis, 
since considerable importance is often attached to a 1 or 2% difference 
in porosity between two brands of materials, which difference might 
be explained as due to variations in the conditions of testing. 

The Manufacture and Use of the Insulating Firebrick in the United 
States. F.H. Norton. (Transactions of the Ceramic Society, 1936, 
vol. 35, July, pp. 301-311). The paper deals with the manufacture, 
physical properties, classification, advantages,” limitations and 
methods of using insulating firebricks in furnace design. The 
conclusions reached are that, although well established in the low- 
and medium-temperature field, the use of insulating firebricks at 
high temperatures still requires cautious application. Being 
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primarily of value because of their low heat capacity, they will be 
used mainly in intermittent furnaces. The cement and coatings 
for this type of refractory need further study, as they are not at 
present entirely satisfactory. Light refractories of materials other 
than kaolin and fireclay deserve the closest attention. 

Wall Losses in Heating and Annealing Furnaces. G. Barth. 
(Stahl und Eisen, 1936, vol. 56, Sept. 17, pp. 1150-1152). The 
importance of wall losses in the heat economy of furnaces is 
discussed. Experiments made show that the wall loss of ordinary 
heating and annealing furnaces with uninterrupted and inter- 
mittent charging increases in direct ratio with the hearth area. 
The observation is made that the economic importance of insulation 
increases as the charge of the furnace is reduced. 
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(Continued from pp. 190 a—194 a) 


Study of Chemical Equilibria in the Gaseous Phase. Application 
to the Determination of the Temperature of Industrial Flames by 
Means of Direct-Reading Diagrams. L. Reingold. (Chaleur et 
Industrie, 1936, vol. 17, June, pp. 205-211). The author first 
gives a general method of calculation by means of which the final 
state, at a given temperature, of a system of bodies, in equilibrium 
with their constituents and influencing each other reciprocally, can 
be determined. He then applies this method to the determination, 
with the aid of easily-used diagrams, of the temperature of flames 
in industrial furnaces at atmospheric pressure; account is taken 
of the simultaneous dissociation of the carbon dioxide and of the 
water vapour in the burnt gas. 

Measurements of Flame Velocity by a Modified Burner Method. 
F. A. Smith and S. F. Pickering. (Journal of Research of the 
National Bureau of Standards, 1936, vol. 17, July, pp. 7-43). This 
paper describes a study of the application of the burner method to 
the determination of the velocity of propagation of flame relative to 
mixtures of air with various combustible gases. Observations 
were made on the effect of varying the size of the burner port, of 
changing the velocity of flow of the mixture from the burner, of 
changing the composition of the mixture, and of different methods 
of measuring the flame and computing the result. All of these 
factors relate to problems of gas utilisation. 

Historical Notes on the Technique of Regenerators. Damour. 
(Chaleur et Industrie, 1936, vol. 17, June, pp. 215-220). The author 
presents a study of the laws governing thermal exchanges in 
regenerators. 

Innovations in the Preparation of Coal in 1935. A. Gitte. 
(Gliickauf, 1936, vol. 72, Sept. 12, pp. 893-902; Sept. 19, pp. 917- 
928). The innovations made in the preparation of coal during the 
year 1935 are summarised and reviewed. 

Solving the Slurry Problem at Bentley Colliery. (Iron and Coal 
Trades Review, 1936, vol. 133, Aug. 28, pp. 329-330). The disposal 
or treatment of slurry has been one of the most elusive problems 
connected with washing plants. The present article describes the 
recently developed Elmore vacuum flotation plant and its operation. 

Pulverised Fuel Plant at the Foundry of Ley’s Malleable Castings, 
Ltd. (Iron and Coal Trades Review, 1936, vol.“133, Sept. 11, pp. 
423-424: Foundry Trade Journal, 1936, vol. 55, Sept. 10, pp. 
192-194, 206). Pulverised fuel is extensively employed by the 
Ley’s Malleable Castings Co., Ltd., in their melting furnaces, 
annealing ovens and reheating furnaces; it is also used for auxiliary 
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firing in the boiler-house of the works power-station. There are 
two complete electrically operated pulverised-fuel handling and 
storage plants, which are described in the present article. 

New Coke Ovens and By-Product Recovery Plant at the Working- 
ton Iron and Steel Company. (Engineering, 1936, vol. 142, Sept. 4, 
pp. 246-248: Iron and Coal Trades Review, 1936, vol. 133, 
Sept. 4, pp. 365-370: Gas World, 1936, vol. 105, Sept. 5, pp. 109- 
116: Colliery Guardian, 1936, vol. 153, Sept. 4, pp. 425-429; 
Sept. 11, pp. 471-475: Chemical Age, 1936, vol. 35, Sept. 5, 
pp. 199-202: Engineer, 1936, vol. 162, Sept. 4, pp. 228-231; 
Sept. 11, pp. 257-260). Descriptions are given of the Woodall- 
Duckham Becker coke-ovens and by-product recovery plant newly 
installed by the Workington Iron and Steel Company. 

New Coke-Oven Installation. (Iron and Steel Industry, 1936, 
vol. 9, Aug., pp. 455-457). The article describes two new batteries 
at the Cleveland works of Dorman Long and Company, each con- 
sisting of 68 underjet compound Otto twin-flue regenerative ovens. 

Coke-Oven Replacement at Silverwood Colliery. (Coal Carbon- 
isation, Supplenient to Colliery Engineering, 1936, vol. 2, Aug., pp. 
147-151). The article describes a new battery of 24 Otto twin-flue 
ovens erected at the Silverwood Colliery to replace two batteries 
of 80 ovens. Arrangements have been made to dispose of the 
surplus gas to Rotherham Corporation. 

Coke Production and Fuel Distribution. J.B. Deakin. (Colliery 
Guardian, 1936, vol. 153, es. 18, pp. 519-524: Iron and Coal 
Trades Review, 1936, vol. 133, Sept. 18, pp. 453-455). A description 
is given of the plant at the Cardiff works of Messrs. Guest Keen 
Baldwins Iron and Steel Co., Ltd., in which a mixture of coals is 
carbonised. 

The Firing of Open-Hearth Furnaces in German Steelworks. 
F. Wesemann. (Iron and Steel Institute, Sept., 1936; this Journal, 
». 103 P). 

; The Combustion of the Different Gases Available in Steelworks, 
F. L. Bovet. (Arts et Métiers, 1936, vol. 89, Aug., pp. 166-173). The 
article compares the characteristics of the different gases available 
in a steelworks, and from this comparison deduces certain con- 
siderations with regard to their usability for the heating of furnaces. 

Gas Firing of Metallurgical Furnaces. (Metallurgia, 1936, vol. 
14, Aug., p. 107). The article discusses the controversy existing 
with regard to the subject of high-pressure and low-pressure gas 
firing of metallurgical furnaces, and goes on to stress the advantages 
of low-pressure firing. 

The Hydrogenation of Coal. F. Vallette. (Bulletin de la 
Société d’Encouragement pour |’Industrie Nationale, 1936, vol. 
135, June—July, pp. 353-362). The author describes the hydro- 
genation of coal and the treatment of the products. A flow sheet 
of the process as worked at the plant of the Mines de Béthune 
(France) is given. 
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(Continued from pp. 195 a—197 a) 


A New Type of Burden Charging Car. (Demag News, 1936, vol. 
10, July, pp. 21-23). Three new transfer cars are described. They 
are specially adapted to the particular plant and the prevail- 
ing working conditions, and consequently possess special structural 
characteristics. 

The Design of the Tapping Runner in Blast-Furnaces. W. 
Rohde. (Stahl und Eisen, 1936, vol. 56, Sept. 17, p. 1148). A 
new tilting runner for the filling of ladles with iron or slag is described 
and illustrated. 

Blast-Furnace Linings and Scaffoldings. F.Bongarcgon. (Revue 
de I’Industrie Minérale, Mémoires, 1936, Aug. 15, No. 376, pp. 915- 
924). The author distinguishes between the normal lining of semi- 
molten material required to protect the refractory material and 
scaffoldings which are an obstacle to the proper functioning of the 
furnace. The present article is a study of the latter. 

The Injection of Solid and Liquid Materials in Blast-Furnace 
Hearths. R. Kreide and J. Roll. (Stahl und Eisen, 1936, vol. 
56, Sept. 24, pp. 1177-1179). A description is given of results 
obtained by the injection of solid and liquid materials into the blast- 
furnace hearth, with the object of eliminating obstructions in the 
operation of the furnace and improving the physical and chemical 
properties of the slag. Good results were obtained in the case of 
local temperature reduction and slagging of individual tuyeres by 
the injection of ferro-silicon through the blast tuyere. In the case 
of a larger temperature reduction, crude tar or oil is injected through 
several tuyeres. The addition of sand eliminates disturbances in 
the composition of the slag. In the case of furnaces producing basic 
Bessemer pig iron continuously, the addition of sand below the 
blast tuyeres will increase the silica content of the slag without 
affecting the pig iron; in this way the utilisation of the slag in the 
form of lump-slag is improved and the tendency towards breaking 
eliminated. 

Investigations into the Influence of Coke Quality on Blast- 
Furnace Operations. W. J. Brooke, H. R. B. Walshaw and A. W. 
Lee. (Iron and Steel Institute, Sept., 1936; this Journal, p. 287 P). 

The Metallurgical Principles of the Production of Foundry Pig 
Iron in the Compass of a New Smelting Method, with Particular 
Reference to the Desulphurisation Reactions. M. Paschke and 
E. Peetz. (Giesserei, 1936, vol. 23, Sept. 11, pp. 454-460). The 
authors discuss the metallurgical principles on which is based a new 
method of making low-carbon foundry pig iron. Molten pig and 
molten slag are produced in the blast-furnace from a burden rich in 
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sulphur or of high acidity, using more or less sulphur-rich coke. 
Only so much flux, such as limestone, is added as will produce an 
easily melted acid slag and sulphur-rich iron; after tapping, the 
latter is desulphurised by the action of a basic slag or by some other 
usual means. In this paper, particular attention is given to the 
important related questions of the desulphurising reactions with soda 
and the improvement of their completeness, the thickness of ladle 
lining required, and the possibilities of using the acid blast-furnace 
slag and the soda slag. Desulphurisation with basic blast-furnace 
slag and manganese is touched upon. By this new process other 
kinds of iron can also be made. 

The Reduction of Iron Ores with Solid Carbon. A Stathmographic 
Investigation. A. E. Dobner and 8. Skramovsky. (Iron and Steel 
Institute, Sept., 1936; this Journal, p. 587 P). 

The Constitution of Blast-Furnace Slags in Relation to the 
Manufacture of PigIron. T.P.Colclough. (Iron and Steel Institute, 
Sept., 1936; this Journal, p. 547 P). 

The British Iron and Steel Industry. Sir William Larke. (Stahl 
und Eisen, 1936, vol. 56, Sept. 17, pp. 1068-1074). The author 
traces the economic evolution of the British iron and steel industry 
and discusses the inter-relationship between industrial activity and 
governmental protective policy. The history and activities of the 
British Iron and Steel Federation and its subsidiaries are outlined 
and a description of the Federation’s international work is provided. 
Emphasis is laid on the necessity for close co-operation between the 
industry as a whole and the government departments concerned. 
The article ends with the statement that the efficient self-govern- 
ment of the British iron and steel industry within the framework 
created by the State is the pre-requisite of a successful recovery from 
the depression and dislocation resulting from the War. 

The Economic Relations between the English and Continental 
Iron and Steel Industries. E. Poensgen. (Stahl und Eisen, 1936, 
vol. 56, Sept. 17, pp. 1063-1068). The author discusses the history 
and present-day position of the IRMA (International Rail Makers 
Association) and of the IWECO (International Wire Export 
Company) with special reference to their co-operation with the 
English industry. Mention is also made of the International Hoop 
Iron Association, the International Tinplate Cartel, and the Inter- 
national Light Sheet Syndicate. 

Technical Developments in German Iron and Steel Production 
during the Last Fifteen Years. F. Springorum. (Iron and Steel 
Institute, Sept., 1936; this Journal, p. 19 P). 
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The Baby Cupola : Its Potentialities and Technique. G. Hénon. 
(Foundry Trade Journal, 1936, vol. 55, Sept. 10, pp. 200-202). 
In order to produce a high-duty cast iron in small quantities to 
buyers’ specifications, many producers have at their disposal, in 
addition to the ordinary cupola, melting equipment which enables 
them to produce a metal of known good quality at reasonable cost. 
The present article describes the application and possibilities of the 
baby cupola for this purpose. 

Developments in the Production of Malleable Castings—VII. 
H. H. Shepherd. (Iron and Steel Industry, 1936, vol. 9, Aug., 
pp. 447-452). Continuing this series of articles, the author describes 
the Stein oil-fired furnace and discusses the advantages of super- 
heating. (See also pp. 58 a and 150 4). 

Second Report of the Steel Castings Research Committee. (Iron 
and Steel Institute, Special Report No. 15, Sept., 1936 ; see p. 619 P). 

The Production of Alloy Steel Castings. (Metallurgia, 1936, 
vol. 14, Aug., pp. 85-88). The steel foundry is nowadays adapting 
itself to the improved physical properties of steels by producing 
castings in which the material is comparable with the different 
grades of wrought-steel products. In this article progress in the 
production of steel castings is discussed with special reference to the 
work at the Clyde Alloy Steel Co., Ltd., Motherwell. 

The Practical Application of the Moulding Sand Test in the 
Foundry Industry. Aulich. (Giesserei, 1936, vol. 23, Aug. 28, pp. 
431-437). The technical and economic advantages of the regular 
testing of new sand and, especially, of facing sand and used sand are 
indicated. The method of testing and the requisite apparatus are 
described in detail. The advantages of sand testing at the moulding 
sand quarries are further emphasised, as the supply of sand can 
thus be kept fairly uniform as regards composition. This is desirable 
both for the supplier and for the consumer. 

What Demands does Practice make on the Moulding Machine ? 
U. Lohse. (Giesserei, 1936, vol. 23, Sept. 11, pp. 480-489). The 
author first summarises the properties of moulding sand, and then 
reviews various types of moulding machines. He next discusses 
mechanical sand ramming, and concludes with a consideration of 
power machines for making moulds with patterns in two pieces. 

Ford Alloy Castings. R. H. McCarroll and J. L. McCloud. 
(Metal Progress, 1936, vol. 30, Aug., pp. 33-41). The authors 
describe the new cast alloy steels and irons utilised in Ford cars in 
place of forged parts. Three types of alloy cast irons are used, 
namely, (a) nickel-chromium, (6) copper and (c) a copper-chromium 
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iron. They contain approximately 3-25% carbon, and may there- 
fore be reasonably classed as cast irons. The alloy cast steels 
used are (a) copper, (6) copper-molybdenum, (c) copper-chromium 
and (d) tungsten-chromium-copper. 

Ni-Resist for Internal Chills. A. B. Everest. (Foundry Trade 
Journal, 1936, vol. 55, Sept. 10, p. 204). The author discusses the 
application of Ni-Resist in the production of internal chills in the 
United States. Ni-Resist chills are stated to be far more satisfactory 
than ordinary cast iron for bearings in machinery castings, hubs for 
wheels and gear wheels, nozzles of different types, and special gear 
wheels with internal teeth. 

Method of Moulding Chills. D. J. Thomas. (Foundry Trade 
Journal, 1936, vol. 55, Aug. 27, pp. 166, 170). The author describes 
a method of making chill moulds, which will produce a chill, irre- 
spective of size and weight, with a 50° saving in time and less labour 
than is usual with the old method or ordinary practice. It is claimed 
that a better product is produced by thismeans. Another outstand- 
ing feature of this method is the saving effected in pattern-making 
time. 

Moulding a Large Crane Barrel with Spiral Rope Grooves. F. 
Oldershaw. (Foundry Trade Journal, 1936, vol. 55, Sept. 3, pp. 
181-182). The object of this article is to explain the method 
adopted in the making of a casting for a large crane barrel with 
spiral rope grooves. The patterns, tackle, bottom bed and cope, 
grooves and main body core are considered. 

Cost of Complicated Pipe Casting Reduced by Skeleton Patterns. 
J. H. Eastham. (Iron Age, 1936, vol. 138, Aug. 20, pp. 38-39, 
61). In view of the fact that orders for marine engines are usually 
booked one at a time, with scarcely any two alike in horse-power or 
design, the standardisation of patterns is possible to only a limited 
degree. In order, therefore, to ensure a saving in the machine shop, 
the author proposes and describes the skeleton pattern. 
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Basic Bessemer Steel-Making at Corby. (Chemical Age, Metal- 
lurgical Section, 1936, vol. 35, Sept. 5, pp. 15-17). The article 
describes the new works of Messrs. Stewarts and Lloyds, Ltd., with 
special reference to the basic Bessemer steel plant. 

Die August Thyssen-Hiitte, A.-G., Duisburg-Hamborn. (Stahl 
und Eisen, 1936, vol. 56, Sept. 17, Suppl., pp. 165-170). A summary 
of the history and plant of the August Thyssen Works is given. 
The first German basic Bessemer steel charge was blown in 1879 at 
the Ruhrort-Meiderich division of the works. The Harmet com- 
pression method has been developed to a high degree of perfection 
for the manufacture of open-hearth and electric steel ingots. A 
special product is the twisted bulb bar for reinforced concrete 
construction. 

Bochumer Verein. (Stahl und Eisen, 1936, vol. 56, Sept. 17, 
Suppl. pp. 171-174). The article describes the history, works and 
activities of the Bochumer Verein Steel Works. The founder, Jacob 
Mayer, was the inventor of the method of casting steel to pattern 
and the first maker of a steel casting about the year 1850. An 
interesting fact is that the cast steel bell, which was rung at the 
opening and closing ceremonies of the Olympic Games, Berlin, 1936, 
was produced by the Bochumer Verein Works. 

Demag A.-G., Duisburg. (Iron and Coal Trades Review, 1936, 
vol. 133, Sept. 4, pp. 378-387). A very comprehensive and interest- 
ing description of the well-known Demag works is given. 

Hoesch-K6élnneuessen, A.-G., Dortmund. (Stahl und Eisen, 1936, 
vol. 56, Sept. 17, Suppl. pp. 192-197). This is a short, illustrated 
description of the plant and activities of the Hoesch-Kélnneuessen 
works. Special attention is devoted to the testing departments, 
in which metallographic, mechanical and technological testing is 
carried out. For the determination of the ductility of deep-drawing 
material, cupping tests by Wazau’s method are made in addition to 
the usual tensile, Erichsen and hardness tests. 

Friedr. Krupp A.-G., Rheinhausen. (Stahl und Eisen, 1936, vol. 
56, Sept. 17, Suppl., pp. 198-201). An illustrated summary of the 
Rheinhausen works of Krupp. A special feature is the production 
of Isteg steel for ferro-concrete work, the manufacture of which 
dates from 1933 and is based on entirely new ideas and methods. 
Special twisting machines are used. ; 

Anshan Steelworks. (Demag News, 1936, vol. 10, July, pp. 
17-21). The article describes the Anshan Steelworks, which belong 
to the South Manchurian Railway and were put into service in the 
year 1935. 
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The Behaviour of Iron, Nickel and Manganese Melts in Relation 
to their Liquid Silicates and Solid Silica at 1600°. W. Oelsen and 
G. Kremer. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Eisenforschung, 1936, vol. 18, No. 8, pp. 89-108). The metallurgical 
behaviour of elements in solution in commercial steel melts is 
considerably influenced by the inter-action between these elements 
and the solvent iron. In order to elucidate this behaviour, the 
authors have investigated the equilibria of the metal-slag reactions 
in the steel production process with acid slag for the case in which the 
metal layer contains increasing quantities of nickel. The tests 
thus covered the three-phase equilibria metal-layer /silicate-slag /solid- 
silica in the Fe-Ni-Mn-Si-O system at temperatures ranging from 
1600° to 1650°. The test melts were made in sand crucibles, which 
simultaneously represent one phase of the reaction system and effect 
a saturation of the metal layer and the slag with solid silica. The 
influence of the iron, nickel, manganese and silica contents on the 
equilibria of the reactions between the metal layer, silicate slag, 
and solid silica, for the case of low manganese and silicon contents, 
and the effects of variations of the contents of these elements in 
the metal on the equilibrium-slag composition are dealt with in 
detail. The application of the ideal law of mass action to the 
equilibria of the reactions for low manganese and silicon contents 
in the metal is discussed. The reaction capacity of the manganese 
and silicon with respect to the slag oxides is lower in high-nickel 
melts than in high-iron melts. The shifts of the equilibria on 
transition from high-iron to high-nickel melts are intimately bound 
up with the change of the reciprocal reactions between the solutes 
and the altered solvent of the metal layer. These facts are of 
special importance in regard to the question of the applicability 
of the equilibria relations obtained for the reactions between iron 
melts and slags to those metal-slag equilibria in which there is a 
preponderance of other metals in the metal layer. The solubility 
relations between the slag oxides and the metal layer are also 
discussed with the aid of the data obtained experimentally. They 
elucidate the deoxidising effect of manganese and silicon on oxide- 
containing iron-nickel melts. 

High-Frequency Electric Melting Furnace Equipment. ‘(Foundry 
Trade Journal, 1936, vol. 55, Aug. 27, pp. 159-162). A description 
is given of the Witton high-frequency melting installation, comprising 
two furnaces, together with the necessary electric converting plant, 
condensers, switch and control gear, &c., which was recently added 
to the equipment of Messrs. Jonas and Colver, Sheffield. 

The Dephosphorisation of Steel in the Coreless Induction Furnace 
by Means of Alkaline Slags. H. Siegel. (Stahl und Eisen, 1936, 
vol. 56, Sept. 24, pp. 1179-1184). As the result of an intensive 
study of the dephosphorisation of steel in the coreless induction 
furnace, it was ascertained that ferric oxide and ferric-oxide/lime 
slags showing an irregular reaction as a consequence of their low 
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viscosity could be given a higher viscosity and regular reaction by 
the addition of alkali oxide. In addition, the quantity of phosphorus 
transferred into the slag is increased. ° 

The Viscosity of Lime Silicates, Lime Ferrites and Basic Open- 
Hearth Slags up to 1625°. K. Endell, G. Heidtkamp and L. Hax. 
(Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, Sept., pp. 85-90). 
The temperature-viscosity relationship was determined by the authors 
for the systems CaO-SiO,, and CaO-Fe,Qs, as also the influence 
of an increasing silica content on lime-ferrite CaO.Fe,0,, both under 
optimum conditions in a platinum crucible and in neutral and 
oxidising atmospheres. No conclusions could be arrived at with 
regard to the occurrence of combinations in the liquid state of these 
systems. For this reason the degree of viscosity could not be de- 
duced from the melting-point diagrams. The relation between 
the degree of viscosity and the temperature in the case of four 
open-hearth slags from steels containing 0-6-0-07°% carbon showed 
only comparatively small differences. The most fluid slag had the 
lowest silica content. The fluidity in all cases increased con- 
siderably between 1450° and 1625°. Within this temperature 
range the open-hearth slags are about ten times as fluid as blast- 
furnace slags, and their fluidity lies between that of lime-silicate 
CaO.SiO, (as upper limit) and that of lime-ferrite CaO.Fe,O, (as 
lower limit), so long as the test is made in a platinum crucible 
and in neutral and oxidising atmospheres. 

Copper Stools for Ingot Moulds Find Increasing Application. 
H. B. Kinnear. (Mining and Metallurgy, 1936, vol. 17, June, 
pp. 289-290). The author reviews the history of copper stools for 
ingot moulds, and comes to the conclusion that the practice of using 
them, although relatively new, is well established; the tonnage 
of copper used for the purpose has increased appreciably; and a 
marked increase in mould life has resulted from the development. 
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REHEATING FURNACES 


(Continued from p. 155 a) 


Improved Recuperator Serves New Slab Heating Furnace. (Steel, 
1936, vol. 99, Aug. 10, p. 52). The article describes a novel 
type of tubular recuperator, with which slab-heating furnaces in 
America have been equipped. The advantages claimed are: High 
thermal conductivity, freedom from cracking and spalling under 
rapid temperature changes, high physical strength, speed of raising 
air temperature, complete inertness to furnace gases, and easy 
accessibility. 

Luminous Flame Burners Are Used on Tube-Mill Furnaces. 
J.B. Nealey. (Steel, 1936, vol. 99, Aug. 17, pp. 40-42). Increasing 
interest is being shown in luminous gas flames for steel mill furnaces, 
such as open-hearths, reheating furnaces and forging furnaces. 
The latest type of burner is globular in shape, and the luminosity 
of the flame is controlled in three stages, so that good flexibility is 
obtained. The author describes its application in the case of a 
large tube-mill furnace. 











FORGING, STAMPING AND DRAWING 





(Continued from p. 203 a) 


Die-Blocks—Their Manufacture and Treatment. B. Pool. 
(Heat Treating and Forging, 1936, vol. 22, July, pp. 329-332). 
The author reviews British practice in the manufacture of die blocks 
and describes the steels used, the relative merits of heat treatment 
before and after sinking, the size of drop stamping dies, with a final 
reference to the importance of removing all scratches. (See p. 156 4). 

Investigation of the Processes during Forging. A. Pomp and 
H. Houben. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Kisenforschung, 1936, vol. 18, No. 7, pp. 65-87). The authors have 
calculated the resistance to deformation, forging pressure and 
deformation energy of cast iron, steel and other metals. The 
apparatus which records the hammer imnacts is described. The 
results of practical tests are enumerated under the headings of 
resistance to deformation, frictional influences, duration of the 
forging impact, speed of deformation and hammer losses. 

Quality Supervision of Free-Cutting Steel in the Drawing Depart- 
ment. F. Bonsmann and M. Komers. (Stahl und Eisen, 1936, 
vol. 56, Aug. 20, pp. 952-966). The supervision of the operations in 
the drawing of rapid free-cutting steel is described. Emphasis is 
laid on the additional tests of special free-cutting steel. The rolled 
steel is first tested for chemical composition, segregation conditions, 
hardness and surface defects, while after the drawing its machin- 
ability is tested with an automatic indicator. Case-hardenable 
special automatic steels are further tested for grain structure by 
the notched-bar bend test and for case-hardenability by the cementa- 
tion test. The machinability may be improved subsequent to the 
drawing by long-time tempering at temperatures up to 400°. 

Recent Developments in Steel Wire Technology. S. A. Braley. 
(Wire and Wire Products, 1936, vol. 11, July, pp. 323-325, 350, 351). 
The relation between the chemical composition, grain size, drawing 
practice, and surface finish of steel wire and the quality of the wire 
is discussed. 

Four-Unit Wire-Drawing Machine. (Engineering, 1936, vol. 
142, Aug. 21, pp. 195-196). A new wet drawing rod machine is 
described and illustrated. 
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ROLLING-MILL PRACTICE 





(Continued from pp. 204 a-—206 a) 


Present-Day Problems of the Rolling-Mill Industry. A. Ndll. 
(Iron and Steel Institute, Sept., 1936; this Journal, p. 135 P). 

A New Small-Section and Wire Rod Mill. (Demag News, 1936, 
vol. 10, July, pp. 24-28). This is a description of a new and 
efficient small-section and wire rod mill, the layout and design of 
which were supplied by Demag. 

The Rolling of Steel Bar for Tinplate. (Iron and Steel Industry, 
1936, vol. 9, Aug., pp. 453-455). A description is given of the new 
bar mill erected by the Briton Ferry Steel Company. 

A Modern Roughing and Finishing Mill. (Iron and Coal Trades 
Review, 1936, vol. 133, Sept. 18, pp. 457-459). The new plant 
recently started up at the Albion works of the Briton Ferry Steel 
Company is described in detail. 

Production of Cold-Rolled Strip. (Iron and Coal Trades Review, 
1936, vol. 133, July 17, pp. 81-82). The article describes the 
works of J. J. Habershon and Sons, Ltd., at Holmes Mills, 
Rotherham, and includes a survey of the inspection department 
and warehouse. 

Cold Rolling of Steel Strip. (Zeitschrift des Vereines deutscher 
Ingenieure, 1936, vol. 80, Sept. 5, pp. 1114-1115). A description 
is given of tests made by W. Lueg and A. Pomp on the influence on 
the rolling process of the material to be rolled, the rolling speed, the 
width of the strip and prior cold deformation. 

The Roll Problem in Backed-Up Mills for Cold Reduction. 
G. A. V. Russell and 8. 8. Smith. (Iron and Steel Institute, Sept., 
1936; this Journal, p. 47 P). 

Individual Drive for Live-Rolls. (Iron and Coal Trades Review, 
1936, vol. 133, Aug. 28, pp. 340-341). Live rolls play a very im- 
portant part in the efficient operation of a mill, so that the question 
of group or individual drive requires serious consideration. In- 
dividual drive tends towards greater reliability, in that the break- 
down of one gear wheel or motor involves the associated roll only, 
whereas with group drive the complete system of rolls is affected. 
Furthermore, individual drive may be applied in situations where the 
run is not straight. A description is given in this article of two 
types of squirrel-cage motor, special attention being given to a 
cascade motor developed for frequent reversing service. 














PYROMETRY 





(Continued from p. 159 a) 


The Temperature Determination of Liquid Steel. E. W. Elcock. 
(Iron and Steel Industry, 1936, vol. 9, July, pp. 481-435). In his 
lecture before the Sheffield Trades Technical Societies, which is 
reprinted, the author describes various types of pyrometers, and 
gives reasons for recommending a particular type. 

Pyrometry in Industry. C. E. Foster. (Wild-Barfield Heat- 
Treatment Journal, 1936, vol. 1, Mar., pp. 106-108). This article 
investigates the internal details required in pyrometers, and 
enumerates a few guiding principles for the selection and use of 
industrial pyrometers. 

The Freezing of Pyrometric Cones. R. F. Rea and M. C. Shaw. 
(Journal of the American Ceramic Society, 1936, vol. 19, July, 
pp. 192-195). Pyrometric cones exposed to certain firing con- 
ditions sometimes “ freeze ”’ or fail to collapse at the proper temper- 
ature. This behaviour has been studied by means of X-ray and 
petrographic analysis. Although the cause was not definitely 
determined, it was possible to develop a series of non-freezing cones 
of the soda-feldspar type, and these behaved normally when sub- 
jected to conditions which would otherwise lead to freezing. 
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HEAT TREATMENT 





(Continued from pp. 207 a—209 a) 


Case-Hardening Practice. H. Gothe. (Australasian Engineer, 
1936, vol. 36, Aug. 7, pp. 20c-21). The factors entering into the 
cementation or carburising process are analysed in relation to the 
type of steel being treated. The author concludes with the state- 
ment that failures should be at a minimum, provided that the heat 
treater uses the same care as that used by the actual steelmaker. 

The New Surface-Hardening Processes for Austenitic Steels. 
E. Valenta and V. Koselev. (Revue de Métallurgie, Mémoires, 


' 1936, vol. 33, July, pp. 466-472). The surface-hardening of 


austenitic steels by decarburising the surface in nitrogen gas con- 
taining 2% of oxygen at 1000-1080° C. so forming harder martensite, 
is described. 

Thrigizing. (Heat Treating and Forging, 1936, vol. 22, July, 
p. 345). A definition is given of the relatively new term “ ihrigizing,” 
which designates an application of diffusion in solid metals. The 
process produces a high-silicon (about 14% silicon) case on iron and 
steel. Ihrigized iron or steel is said to have excellent resistance to 
corrosion by acids, chlorine and salt spray; to resist scaling in 
oxidising atmospheres up to 1800° F.; and to be particularly 
resistant to galling and seizing, either on itself or on other metals. 

The Heat Treatment of Cast Iron. J. E. Hurst. (Iron and Steel 
Industry, 1936, vol. 9, Aug., pp. 475-479). Heat treatment of cast 
iron in a variety of ways is now an orthodox procedure in the 
manufacture of quite a number of different types of castings, and the 
subject is one of considerable industrial importance. The author 
describes the constitutional changes on heating cast iron, heat 
treatments at high and low temperatures, and the effect of stabilising 
treatments. 

The Heat Treatment of Steels. I. Samuels. (Steel Treatment 
Society of Australia: Australasian Engineer, 1936, vol. 36, Aug. 7, 
pp. 11-14). In this paper the author discusses the practical details 
of the heat treatment of steel for men who follow the occupation 
of heat treating. The chemical, physical and micrographic aspects 
are not dealt with. 

Close Regulation of Heat-Treating Operations. J. B. Nealey. 
(Iron Age, 1936, vol. 138, Aug. 27, pp. 30-33). Modern require- 
ments for close control of the temperatures of heat treating have 
resulted in pronounced technical advance in control devices. In 
this article, the author describes some of the steps that have been 
taken to enable the metallurgist to take the fullest advantage of 
closely regulated heat-treating temperatures. 

Electric Furnace Fans. G. B. Lamb. (Electrical Review, 
1936, vol. 119, Sept. 25, pp. 403-404). The solution to the problem 
of increasing the rate of heating in electric furnaces for temperatures 
of, say, 500° C. and lower lies in the use of fans; these also give a 
R 
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better uniformity of temperature in the furnace. In the present 
article, the author describes the centrifugal fan for furnaces as a 
means of furthering the use of electricity for low-temperature 
treatments. 

Seamless Tubing Heat Treated in a Continuous Furnace. 
(Industrial Heating, 1936, vol. 3, Aug., pp. 502-504). A con- 
tinuous, roller-hearth furnace for the processing of seamless tubing is 
described. The 29 cast alloy rollers are spaced at approximately 
3-ft. intervals and are mounted on grindstone bearings which 
materially reduce the unsupported length of roller used and simplify 
the problem of bearing maintenance with a hot alloy shaft. 

Ford Installs the Largest Continuous Electric Furnace in the World. 
(Industrial Heating, 1936, vol. 3, Aug., p. 500). A description is 
given of a 325-ft. long controlled-atmosphere continuous roller-hearth 
furnace for, bright normalising automobile body stock in a con- 
tinuous strand or strip. The output of this furnace is 7} tons 
per hr., based on 56-in. wide strip. It is installed at the works 
of the Ford Motor Company and is claimed to be the largest 
continuous electric furnace in the world. 

Annealing for Quality. L. Wilson. (Industrial Heating, 1936, 
vol. 3, Aug., pp. 523-525). The author describes the vertical tube 
annealing furnace and its operation. 

Vertical Furnaces. F. E. Harris. (Metal Progress, 1936, vol. 
30, Aug., pp. 52-56). The article describes the design features of 
the upright conveyor type of furnace for hardening and tempering. 
Its advantages and limitations are pointed out. 

Quality Tool Steel. R. Schempp. (Metal Progress, 1936, vol. 
30, Aug., pp. 68-70, 72). The author presents a brief description 
of some of the most frequently discussed features of quality control, 
that is, hardenability and hardening characteristics of straight 
carbon tool steels. 

On the Change of Hardness in Quenched Carbon Steels by Temper- 
ing. R. Kikuchi. (Kinzoku No Kenkyu, 1936, vol. 13, Aug. 20, 
pp. 333-341). The author discusses the variations in the hardness 
consequent upon tempering quenched steels. This change of pro- 
perty takes place by the following three processes: (1) the trans- 
formation of « martensite into 8 martensite (hardening), (2) the 
separation of cementite from @ martensite (softening), (3) the change 
of residual austenite into martensite (hardening). These processes 
take place very slowly when the temperature is not sufficiently high, 
since the diffusion velocity in solid solutions is very low. The 
processes were studied by measuring the hardness of quenched 
specimens, tempered for a prolonged period, and the following 
results were obtained : (1) on tempering at up to 95°, « martensite 
changes into 8 martensite, (2) tempering at above 100° causes the 
decomposition of # martensite to take place, and (3) the change of 
residual austenite into martensite is completed between 100° and 
150°. (In Japanese). 
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WELDING AND CUTTING 


(Continued from pp. 210 a—216 a) 


The Resistance Welding Circuit. C. L. Pfeiffer. (Electrical 
Engineering, 1936, vol. 55, Aug., pp. 868-873). This paper treats 
in a somewhat elementary fashion some of the problems encountered 
in the practical application of the resistance welding circuit, con- 
sidering especially the electrical constants and variables involved. 

The Jointing of Materials by Welding. R.H. Dobson and R. F. 
Taylor. (Journal of the Royal Aeronautical Society, 1936, vol. 
40, Sept., pp. 647-657). The authors review the oxy-acetylene 
gas welding process and the electrical resistance process of spot 
and seam welding, with brief references to other processes. Special 
attention is given to the requirements of the aircraft industry. 

Draw-Cut Weld-Flash Trimming Machine. (Engineering, 1936, 
vol. 142, Sept. 18, p. 324). The ridge or flash of superfluous weld 
metal in a butt-welded plate or sheet must often be removed, so 
that the joint will be flush with the rest of the plate. This may be 
effected by grinding or planing in the ordinary way, but in view of 
the increasing use of butt-welded plates a number of machines 
specially adapted for removing the flash have been developed. The 
present article describes such a flash trimming machine. 

Evolution of the Welded-Tube Industry. G. Evans. (Metal- 
lurgia, 1936, vol. 14, Aug., pp. 95-98). The history of the welded- 
tube industry is briefly reviewed. Particular attention is directed 
to the results achieved by the Fretz-Moon process, and the author 
briefly describes the cycle of manufacture and makes a comparison 
with the earlier chain bench and bell die method. 

Oxy-Cutting of Metals. E. A. Witt. (Welding Industry, 1936, 
vol. 4, Sept., pp. 313-319). In this article, the author deals with the 
various factors which affect the quality of oxygen cutting and with 
the effects of cutting on steels. 
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PROPERTIES AND TESTS 


(Continued from pp. 225 a—234 a) 


Improved Method of Testing Cast Iron. (Foundry Trade Journal, 
1936, vol. 55, Aug. 27, pp. 163, 162). The article describes an im- 
proved method for testing the transverse strength and deflection 
of cast iron. Its special feature is that the “standard test bar ” 
has been abandoned and in its place a test bar is used, the diameter 
of which is adapted to the wall thickness of the casting. The testing 
machine which is used in this method of testing cast iron is explained 
and illustrated. 

Change of Elastic Parameters of Single Crystal of Iron by Heating. 
K. Nakamura. (Science Reports of the Téhoku Imperial University, 
1936, vol. 25, July, pp. 365-380). A few experiments have been 
devised, by which the elastic coefficient of a single crystal of iron 
may be determined. The author has now elaborated a method for 
determining its change with temperature, and in the present paper 
advances certain empirical formule using the principal parameters 
in Voigt’s notation. 

The Temporal Course of the Elongation and Speed of Elongation 
of Metals Subjected to a Constant Tensile Load. A. Pomp and 
W. Lange. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Kisenforschung, 1936,vol. 18, No. 6, pp. 51-63). The authors consider 
the shape of the time-elongation curves and the effect of the testing 
temperature on the determination of the time-elongation curves. 
A test apparatus for maintaining the temperature of the test 
rod constant and a measuring device accurate to +0-1° are 
described. A mercury contact thermometer is employed to regulate 
the temperature. Long-period tests were made on copper, zinc 
and lead, the results being recorded. 

The Relationship Between the Results of Static and Dynamic 
Notched Bar Bend Tests. R. Mailinder. (Archiv fiir das Eisen- 
hiittenwesen, 1936, vol. 10, Sept., pp. 109-110). For purposes of 
comparison, the author recently made static and dynamic bend 
tests at temperatures ranging from — 20° to 500°, after normalising, 
overheating, and ageing, on a basic Bessemer steel, a soft steel 
killed with aluminium, and a siliconised hard open-hearth steel. 
For different materials the static energy to failure is either greater 
or smaller than the energy of impact, depending on the testing tem- 
perature. At higher temperatures the original relationship becomes 
reversed, while a second reversal takes place at still higher temper- 
atures. Variations in the striking velocities lead to corresponding 
variations in the relationships of the energies of impact in the several 
temperature ranges. The apparently contradictory results of earlier 
investigations are thereby explained. The author concludes by 
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saying that the ratios of dynamic to static energy of impact, as 
determined under certain specific conditions, cannot serve as a 
basis to divide steels into those that are impact-brittle and those 
that are impact-tough, which division was advocated by J. Bartel 
at the Third International Rail Conference at Budapest. 

The Impact Testing of Cast Iron. J. W. Donaldson. (Foundry 
Trade Journal, 1936, vol. 55, Sept. 3, pp. 175-178). In the 
mechanical testing of steels, impact tests are recognised as being of 
primary importance, and numerous investigations have recently 
also been made to determine the impact resistance of various types 
of cast iron. In the present article, the author reviews the different 
forms of impact tests and their applicability to cast iron. 

The Practical Importance of the Damping Capacity of Metals, 
Especially Steels. O. Féppl. (Iron and Steel Institute, Sept., 
1936; this Journal, p. 393 P). 

New Hardness-Testing Apparatus. W.Hengemiihle. (Stahl und 
Eisen, 1936, vol. 56, Sept. 10, pp. 1017-1025). The article describes 
improvements on Brinell ball thrust hardness testers, the production 
of special stands with larger reach and testing height, the acceleration 
of hardness tests, the improved measuring of the ball impression, 
the provision of supporting devices for bulky test pieces in the 
case of Rockwell testers, the fixing of the test piece, the lowering 
of the testing load in the testing of thin sheets or layers with Rockwell 
apparatus, the Vickers and Firth testers, and the ‘‘ monotron ”’ 
hardness testers. Further, improvements on rebound hardness 
testers, and a comparison of the Brinell coefficients of hardness 
determined by means of a steel, hard-metal, or diamond ball, with 
the Vickers, Rockwell, and rebound hardnesses are discussed. 

Determination of the Brinell Number of Metals. 8S. N. Petrenko, 
W. Ramberg and B. Wilson. (Journal of Research of the National 
Bureau of Standards, 1936, vol. 17, July, pp. 59-95). The procedure 
used in making Brinell tests must be closely controlled in order that 
two observers testing a given metal at different locations should 
obtain Brinell numbers that are in close accord. Small variations 
in testing procedure will be inevitable, so that it becomes important 
to know the effect of these variations on the magnitude of the 
Brinell number obtained. The present paper considers the effect 
on the Brinell number of such variations with the help of data 
available in the literature supplemented by new tests wherever the 
existing data seemed deficient. Attention is given to the effect on 
the Brinell number of variations in testing procedure, i.e., rate of 
applying load, time under nominal load, error in load, and error in 
measuring the diameter of indentation. The effect of variables 
residing in the specimen is discussed next under the heads of non- 
uniform properties, curvature of surface, thickness, spacing of inden- 
tations, and angle between load line and the normal to the specimen. 
Variations in the type of ball used were considered last, particular 

attention being paid to differences in elastic deformation and in 
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permanent compression of the ball under load. The paper concludes 
with recommendations for a test procedure which would lead to 
greater concordance in the Brinell numbers obtained by different 
observers using a ball of given diameter on a specimen of given metal. 

The Wear of Cast Iron under Sliding Friction. E. Séhnchen 
and E. Piwowarsky. (Giesserei, 1936, vol. 23, Sept. 11, pp. 489- 
491). The authors discuss the wear of cast iron under sliding 
friction and the relation of the wear to the structure on the one hand 
and the wear to the hardness on the other. 

The Time Lag in the Magnetisation of Soft Iron in the Upper 
Portion of Hysteresis Loop. J. Okubo and N. Yamanaka. (Science 
Reports of the Téhoku Imperial University, 1936, vol. 25, July, pp. 
163-173). The authors describe an experiment, in which the 
transient process of magnetic induction in ferro-magnetic substances, 
after sudden removal of applied field, was observed in the upper 
hysteresis loop. The substances tested were soft iron, and iron- 
silicon-aluminium alloys. The magnetic permeability of these 
substances remained nearly constant during the change of magnetic 
induction in the field of observation. In order to minimise the 
complications arising from the demagnetising field, the experiment 
was made on the substances in the form of the anchor ring. Thus 
in the present experiment, the conditions required by Wwendensky’s 
eddy current theory are satisfied. The results obtained were in 
good agreement with those following from Wwendensky’s theory of 
the time lag. 

For the time lag in the interior layers of the substance, the 
observations were carried out in the air gap cut in the anchor ring. 
This gap introduces complications not only in the magnetic induction 
but also in the change of induction. It is, therefore, difficult to 
account for the observed results theoretically, but at least they were 
qualitatively in agreement with those to be expected from Wwenden- 
sky’s eddy current theory of the time lag. 

On Gerlach’s Thermo-magnetic Electromotive Force in Some 
Ferro-magnetic Alloys. N. Yamanaka. (Science Reports of the 
Téhoku Imperial University, 1936, vol. 25, July, pp. 174-183). 
The author proves that the thermo-magnetic electromotive force 
discovered by Gerlach appears not only in nickel and iron, but also 
in other ferro-magnetic alloys. Its dependency on the magnetic 
field as well as on the temperature gradient is investigated in detail. 

A New Dilatometer for the Thermal Analysis of Metals. A. 
Metz. (Giesserei, 1936, vol. 23, Aug. 28, pp. 437-439). A descrip- 
tion is given of a new type of dilatometer, which differs from former 
models in that it is easier to operate, while the transmission parts 
between the material being tested and the registering device have 
been improved. 

Nickel Steels at Low Temperatures. (Metallurgia, 1936, vol. 14, 
Aug., pp. 105-106). Investigations have recently been carried out 
to find a steel of suitable impact strength to use in the manu- 
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facture of pressure vessels in a propane solvent plant, in which the 
temperature may be as low as — 60° C. The present article dis- 
cusses the results of these investigations. 

The Influence of Vanadium on Nickel-Chromium and Nickel- 
Chromium-Molybdenum Steels. H. H. Abram. (Iron and Steel 
Institute, Sept., 1936; this Journal, p. 241 P). 

Cast Iron and its Position To-day as a Structural Material. A. 
Thum. (Giesserei, 1936, vol. 23, Sept. 11, pp. 460-466). In this 
discussion of cast iron as a structural material, the author deals 
with its strength properties and their dependence on the shape of the 
part, the sensitivity of the material to the effect of external notch 
action, design, the tendency of cast iron to pipe and to shrinkage, 
and its rigidity; in conclusion he refers to co-operation between 
the constructional engineer and the foundryman. 

Surface Condition and Surface Properties of Cast Iron. E. 
Diepschlag. (Giesserei, 1936, vol. 23, Sept. 11, pp. 466-471). 
The author first describes the metallic edge structure of a casting 
and its casting skin, and then discusses in detail the reactions which 
give rise to the formation of a casting skin, means for influencing 
them, and the advantages of a smooth, sound casting skin. 

The Testing of the Resistance to Growth in Cast Iron. . Scheil. 
(Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, Sept., pp. 111- 
113). This paper discusses the precautions which must be taken 
when testing the resistance to growth in cast iron. The testing 
temperature may not exceed the Ac, point, unless this is also the 
case in the practical use of the object. In the case of a variable- 
temperature annealing, a considerably stronger growth takes place 
in cast iron than in the case of constant-temperature annealing. In 
the event of the finished object being destined to endure frequent 
changes of temperature, a variable annealing treatment is advisable 
for the samples. The dimensions of the sample, the finish of the 
surface, and the position of the sample in the casting have a definite 
influence on the amount of growth. The sample should, if possible, 
be tested at the thickness corresponding to the finished object and 
with the natural skin. In the case of cylindrical samples it is 
expedient to make the measuring mark on the curved surface. 
At low annealing temperatures the oxidation of the cast iron already 
has a certain effect on thin samples, but not on castings. In this 
respect investigations into the course of the cementite breakdown 
are of importance. 

The Physical and Chemical Properties of High-Alloy Chromium 
Cast Iron. K. Roesch. (Giesserei, 1936, vol. 23, Sept. 11, pp. 
472-480). The chemical and physical properties of high-alloy 
chromium cast irons (Cr, 25-32%; C,0-3-1-5%; ferritic, maximum 
acid-resistance. Cr, 14-16%; C, 0-1-0:3%; martensitic, limited 
acid-resistance) are reviewed. In the acid-resistant iron the ratio 
of the carbon to the chromium content plays an important part ; 
the ferrite must contain at least 14% of chromium in solution; for 
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1% of carbon at least 14% of chromium must be present. The 
phenomenon of passivity, its theory and measurement are described. 
Passivity renders high-chromium cast iron completely resistant to 
many acids; this resistance in the ferritic condition is not connected 
with any heat treatment. The resistance to scaling increases more 
or less in proportion with the chromium content; it reaches its 
maximum with 32%, of chromium, that is, the material is still scale- 
proof at 1200° C. The strength properties, particularly the creep 
strength, have been tested; the normal creep test at higher temper- 
atures gave values which were too high in comparison with the results 
of tests extending over several hundred hours. The melting of the 
material and its castability are touched on; the running properties 
and castability of the high-chromium cast iron are much about the 
same as those of malleable cast iron. 

Copper and Copper-Manganese Grey Cast Iron. L. W. Eastwood, 
A. E. Bousu and C. T. Eddy. (Foundry Trade Journal, 1936, vol. 
55, Sept. 24, pp. 234-240). This paper summarises an investigation 
into the use of copper in cast iron. Correlated data on the effects 
of copper in grey iron are presented, and the properties of these 
alloys are discussed. The effect of copper on both dry and green 
sand castings was studied with controlled variation of silicon, carbon 
and manganese, and with the other important factors held as con- 
stant as possible. 

The Effect of Aluminium Additions on the Slag Inclusions in 1-10°/, 
Carbon Steel. K. Amberg and A. Hultgren. (Jernkontorets 
Annaler, 1936, vol. 120, pp. 311-343). The authors enumerate the 
results of exhaustive tests on the effect of aluminium additions 
on the slag inclusions in 1-10°% carbon steels made by different 
processes, viz., crucible, acid open-hearth, acid and basic high- 
frequency furnace. 

The Effect of Non-Metallic Inclusions on the Graphite Size of 
Grey Cast Iron. A. L. Norbury and E. Morgan. (Iron and Steel 
Institute, Sept., 1936; this Journal, p. 327 P). 

Morphology of the Inclusions in Siderurgical Products. Part III.— 
Chromium Alloys and Chromium Steels. A. M. Portevin and R. 
Castro. (Iron and Steel Institute, Sept., 1936 ; this Journal, p. 213 P). 

Controlled Grain Size in Steel. The Effect on Mechanical Pro- 
perties and Some Suggestions Concerning the Theory Involved. 
T. Swinden and G. R. Bolsover. (Iron and Steel Institute, Sept., 
1936 ; this Journal, p. 457 P). 

The Production and Properties of Steel made from Carbonyl Iron. 
E. K. Offermann, H. Buchholtz and E. H. Schulz. (Stahl und Eisen, 
1936, vol. 56, Sept. 17, pp. 1132-1138). A description is given of an 
investigation to determine the most favourable conditions for the 
production of pure iron and unalloyed steels by the sintering of 
carbonyl iron powders with varying carbon and oxygen contents. 
The pure carbonyl iron produced contained up to 0-03% carbon, up 
to 0-02% oxygen, and up to 0-022 % nitrogen, but was practically free 
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from phosphorus and sulphur. The carbonyl steels, which were 
partly produced by the addition of pure carbon black, showed con- 
centric zones with varying contents of combined and free carbon 
and of varying structure. The zone formation could, however, be 
prevented by suitable measures. Comparison with commercially 
melted steels showed lower strength properties after normalising and 
quenching and tempering, as well as a lower hardenability for the 
pure, sintered carbonyl steels. In consequence of the purity of the 
carbonyl steels, the pearlite had a strong tendency to spheroidise as 
well as to grain growth. They were more easily welded than the 
commercial steels. No differences worth mentioning were recorded 
with regard to the other properties investigated, viz., bending 
fatigue strength, electrical conductivity and magnetic properties. 


First Report of the Alloy Steels Research Committee. (Iron and 
steel Institute, Special Report No. 14, Sept., 1936; see p. 615 P). 

Heat-Resisting Alloys for the Vitreous Enamelling Industry. 
(Sheet Metal Industries, 1936, vol. 10, Aug., pp. 627-629). The 
article discusses materials used for the support of articles in the 
usual commercial enamelling processes. Such equipment, which is 
usually in the form of comparatively small supports known as perrits, 
must have marked degrees of resistance to the ordinary effects of 
heat, and retain their strength at the temperatures involved. The 
advantages of nickel-chromium-iron alloys for this purpose are 
emphasised. 

A Contribution to the Study of the Influence of Isothermic Treat- 
ment on the Mechanical Properties of Chromium-Nickel Steels. J. E. 
Kontorovitch. (Revue de Métallurgie, Mémoires, 1936, vol. 33, July, 
pp. 460-465). The author shows that the mechanical properties of 
chromium-nickel steels, subsequent to the isothermic transformation 
of the austenite in the pearlite or austenite transformation zone, do 
not differ from those of steel which has been tempered or annealed 
in the usual way, and in which the austenite has decomposed during 
the continuous cooling. A certain lowering of the tensile strength 
and limit of proportionality is revealed between certain temperature 
limits after isothermic treatment. Similarly, a considerable 
lowering of the static and dynamic strength was observed when the 
conditions in the upper temperature interval were insufficient for the 
complete transformation of the austenite into a ferrite-cementite 
mixture and when it ended by the transformation of the austenite 
into martensite during the final cooling. 

The Structural Steels. L. Persoz. (Métaux, 1935, vol. 10, 
Oct., pp. 216-242; 1936, vol. 11, June, pp. 125-138). In the first 
instalment the author touches on the tests which are applied to 
steels, and discusses the constitution, heat treatment and classi- 
fication of alloy structural steels. In the second he deals with the 
influence of carbon, oxygen, nitrogen, phosphorus and sulphur on 
the properties of steels. 
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Tool Steels. A. Michel. (Métaux, 1935, vol. 10, Aug., pp. 180- 
187; 1936, vol. 11, Jan., pp. 12-19). The continuation of a previous 
article (see Journ. I. and 8.1., 1935, No. II., p. 427). In the present 
instalments the author discusses’ the effects of adding various 
alloying elements on the properties of steel and their consequences 
from the practical point of view. 

Technological Properties of Large Composite Sheets. W. Riideker 
and E. Schéne. (Zeitschrift des Vereines deutscher Ingenieure, 
1936, vol. 80, Sept. 19, pp. 1163-1165). The authors discuss the 
physical properties of composite sheets (‘‘ plattierte Bleche ’’) 
manufactured by the rolling together of two metals at welding 
temperature. 
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(Continued from pp. 235 A—237 a) 


The History of the Metallurgical Microscope. H. Freund. 
(Giesserei, 1936, vol. 23, Sept. 11, pp. 491-502). An account of 
the development of the metallurgical microscope—from 1891, when 
Zeiss made one at the suggestion of Martens, to 1934— is presented. 

Table-Type Metallographic Microscope. H.Freund. (Engineer- 
ing Progress, 1936, vol. 17, Sept., p. 212). The principal features of 
the table-type microscope with built-in mirror reflex camera are 
described in this article. 

The Application of X-Rays to Metallurgy.—Part II. ©. H. 
Plant. (Metallurgia, 1936, vol. 14, Aug., pp. 101-103). The 
practical working of X-ray apparatus, and the results which can be 
obtained without a knowledge of the higher branches of physics, or 
without having to understand intricate analytical mathematics, 
are described in this article, and the fundamental principles involved 
in the application of X-rays to the study of crystals and in the 
determination of the crystal structure are discussed. (See p. 236 4). 

Radiography of Metal. K. R. Van Horn. (Metal Progress, 
1936, vol. 30, Aug., pp. 45-51). The author reviews the principle 
and practice of the application of X-rays and gamma rays for the 
testing of metals, with special reference to castings. 

On the Stability of Cementite. K. Honda, K. Iwasé and K. Sano. 
(Science Reports of the Téhoku Imperial University, 1936, vol. 25, 
July, pp. 202-206). The solubility curve of graphite in austenite 
was determined from the equilibrium constant of two reactions, 
austenite (carbon-rich) -+- CO, = austenite (low-carbon) + 2CO and 
C + CO, = 2CO. According to the calculation, the solubility 
curve of graphite lies above the A,,, line at a temperature lower than 
940°, while the reverse is the case above this temperature. Hence, 
cementite is metastable below 940°, and may decompose into iron 
and graphite, while cementite is stable above this temperature and 
can exist as such. 

The Crystallisation of Metals Without Gravitational Influence. 
A. Glazunov and N. Lazarev. (Revue de Métallurgie, Mémoires, 
1936, vol. 33, July, pp. 438-441). The authors present a study of 
the conditions of crystallisation and come to the conclusion that 
metals, for which the gravitational effect is artificially neutralised, 
are compact during solidification and show neither cracks nor blisters. 

Heterogeneity of Solid Solutions in Cast Alloys. P. Chevenard 
and X. Waché. (Revue de |’Industrie Minérale, Mémoires, 1936, 
No. 377, Sept. 1, pp. 925-939). After discussing the qualitative 
determination of heterogeneity in alloys by various means, the 
authors deal with the various degrees of chemical heterogeneity 
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which may occur in a cast piece (major segregation and minor 
segregation, primary and secondary), and the influence of heat 
treatment on the original heterogeneity of a casting. They then 
refer to the quantitative determination of heterogeneity and present 
a study of the chemical heterogeneity in complex ferro-nickels and 
the influence on it of various heat treatments. The experiments 
were made on two classes of ferro-nickels, one used for steam 
turbine blades having the average composition carbon 0:3%, 
nickel 37%, chromium 11% and manganese 2%, while the other, 
suitable for ammonia synthesis tubes, had the approximate analysis 
carbon 0:15%, nickel 60%, chromium 10% and tungsten 2%. 

The Influence of Added Elements on the Polymorphism of Iron 
as a Function of their Position in the Periodic System. B. N. 
Svetchnikoff. (Metallurgist, Russia, 1935, No. 9, pp. 2-14). (In 
Russian). The author refers to his earlier work, in which he showed 
that the influence of impurities causes the points of polymorphous 
transformation of iron, A; and A,, to shift along curves of the 
second order, 7.e., ellipses and hyperbolas. Two types of alloys are 
considered, namely, those with an enlarged y-field and those with a 
limited y-field. These differ in that the former have the foci of their 
curves on the right of the zero-concentration co-ordinate and the 
latter on the left. Between the two there are intermediate systems 
(Fe-Cr, Fe—Mo), which have the main axis of their curves (ellipses) 
sharply inclined to the axis of concentration, while the focus of the 
curve lies to the right of the zero-concentration co-ordinate. As a 
consequence, the point A, is at first lowered, and only later does it 
rise again and close off the y-phase field. In the present article, 
the author proceeds from the description of the influence of the added 
elements on the shift of the critical points to the physical inter- 
pretation of the nature of this shift. He constructs a shift curve of 
the A, critical points under the influence of one atomic per cent. of 
added element as a function of the atomic number of the element 
alloyed to the iron. The curve clearly shows a periodicity in the 
quantitative effect of the added element on the shift of the critical 
point; it is, further, analogous to the well-known curve for the 
atomic volumes of the elements. In two cases (Fe-Si, Fe—Al), the 
author shows that the change in the average atomic volume of an alloy 
at room temperature under the influence of a fixed percentage of 
added element is equal to the change in the atomic volume of pure 
iron heated from 906° C. to the A;-point temperature of the alloy, 
which was shifted by the added element. It is possible to conclude 
that the transformation in alloys of a given system takes place 
independently of the chemical composition ,at the same or 
approximately the same atomic volume. The author bases his con- 
clusions on numerous data published in the literature of the subject, 
and quotes his own experimental results obtained on the Fe-Ti 
system. According to dilatometric experiments on alloys with 
a high degree of purity (electrolytic iron and Merck’s titanium 
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melted in a high-frequency vacuum furnace), the alloys of the Fe-Ti 
group belong to the systems having a closed y-field; the closing 
takes place at a titanium content of about 0-6%,, while at 1150° C. 
the two-phase range disappears at a titanium content of about 0-8 
to 0-:9%. 

The Transformation Kinetics of Austenite. V.—A Comparison 
of the Magnetisation and Resistance Isotherms of a Self-Hardening 
Steel. F. Wever and K. Hild. (Mitteilungen aus dem Kaiser- 
Wilhelm- Institut fiir Eisenforschung, 1936, vol. 18, No. 5, pp. 43-49). 
The isothermic austenite transformation of a chromium-nickel 
steel was investigated between 610° and 200° simultaneously 
magnetically and by its electric resistance. Throughout the range 
of temperature investigated, the change in resistance is in advance 
of the change in magnetisation with a characteristic dependence on 
the temperature. The difference between the change in resistance 
and in magnetisation is explained by the change in resistance of the 
austenite, which precedes the transformation. 

The Mechanism of Segregations and Transformations. U. 
Dehlinger. (Archiv fiir das Eisenhiittenwesen, 1936, vol. 10, 
Sept., pp. 101-105). The author explains that the laws appertain- 
ing to equilibria, and more especially the phase law, are only 
approximately valid in the case of transformations in the solid phase, 
which frequently extend over states of non-equilibrium. In the 
case of transition from an initial phase to an end phase, a number 
of entirely different intermediate phases may be passed through, as 
has in fact been observed and schematically illustrated for the 
decomposition of austenite. Various segregation processes also 
underlie the hardening of alloys from their super-saturated solutions. 
In the case of the cold-hardening of aluminium-copper alloys, it was 
observed that the increase of hardening sets in without a departure 
of the material in solution from the lattice. It only combines into 
complexes within the basic lattice. This complex formation de- 
creases if a higher annealing temperature of about 130° is applied, 
when it gives way to the segregation visible under the microscope. 
This phenomenon is explained as being thermo-dynamic in origin. 
In the annealing of a cold-deformed copper-beryllium alloy two kinds 
of segregations were ascertained, namely, the microscopically 
homogeneous and non-homogeneous segregations. The difference 
between these two is determined by the varying auto-catalytic 
acceleration of the segregation process, which is due to the lattice 
tensions arising in the transition from the initial phase to the end 
phase. The author deduces from statistical considerations that 
the change-over in position of two atoms during the segregation must 
be regarded as the slip of a single lattice plane from the position 
corresponding to the old lattice into that corresponding to the new 
lattice. The author concludes with the statement that a clearer 
understanding of the kinetics involved in the transformations in the 
solid state is gradually developing ; on the one hand, the movements 
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of the individual atoms and the forces driving them are being recog- 
nised, while, on the other hand, the processes are now observed 
through the microscope. The connection between these two aspects 
is of inestimable value. 

The Alloys of the Iron-Carbon-Molybdenum System. B. N. 
Svetchnikoff and N. 8. Alferova. (‘Theory and Practice of Metal- 
lurgy, Russia, 1936, No. 4, pp. 72-83). (In Russian). On the basis 
of an analysis of fifty-five alloys containing up to 2-2% of carbon 
and up to 10% of molybdenum, which were prepared from Armco 
iron and high-purity molybdenum (99-98%) in a Tammann furnace, 
the author has constructed the vertical sections of a space diagram 
for various constant molybdenum contents, namely, 0-25, 0-50, 1-2, 
2-5, 5-5 and 10% molybdenum. He has further plotted the projec- 
tion of the shift of the pearlite point and of the point of maximum 
solubility of carbon in the y-phase, as well as a structural diagram on 
the surface of the concentration triangle based on the data obtained 
by the study of the tempered alloys. The liquidus and solidus points 
were determined by a thermal method and the points of change in 
the solid state by means of a differential dilatometer. In order to 
determine the solubility curves of carbides, a combination of the 
dilatometric and tempering methods was employed. For the 
detection of cementite the Svetchnikoff reagent, a solution of pyro- 
gallic acid in sodium hydroxide, was used. It was found that the 
pearlite point and the point of maximum solubility of cementite 
in the y-phase under the influence of a molybdenum content of up 
to 1-2% are shifted only slightly in the direction of the lower carbon 
content. When the molybdenum content is increased still further, 
there arises a formation of double carbide, and the pearlite and 
maximum cementite solubility points are abruptly shifted in the 
direction of the greater carbon content. When the molybdenum 
content equals 10%, these points are shifted respectively to 1-32% 
and 1-83% of carbon. The limit of solubility of the double carbide, 
which the authors consider to be identical with Arnold and Reed’s 
Fe,Mo,C, was determined. The change points in the solid state 
under air-cooling conditions were determined by the dilatometric 
method ; it was found that alloys containing 0-8 to 0-9% of carbon 
and more than 1-2% of molybdenum, upon being heated up to 
1100° C., possessed a self-hardening capacity. 

The Iron-Cobalt-Copper System. W. Jellinghaus. (Archiv fir 
das Eisenhiittenwesen, 1936, vol. 10, Sept., pp. 115-118). According 
to the author, complete solubility in the liquid state exists in the 
ternary iron-cobalt-copper system, as also in the corresponding 
binary system. Three groups of alloys may be distinguished in 
accordance with the solidification structure: (I) In the iron corner 
8-solid solution first separates out, which in the solid state trans- 
forms into y-solid solution; (2) The alloys with a copper content 
up to 8%, with the exception of the small range in the iron 
corner, solidify as y-solid solution; (3) Alloys with a copper con- 
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tent of over 8% and up to 96% separate out as primary y-solid 
solution and solidify as heterogeneous mixtures of y-solid solution 
and copper. The alloys lying between the iron-copper side, the 
iron-cobalt side, and the section at 79% Co, 21% Fe with respect 
to the copper corner, take part in the y-« transformation. The 
eutectoid three-phase equilibrium of the binary system iron-copper 
with the phases «, y, and copper, is displaced to higher temperatures 
by the addition of cobalt. It attains its maximum temperature in a 
quasi-binary section between 50% Fe, 50% Co and 100% Cu, and 
drops to room temperature with a higher content of cobalt. An 
ordered mixed phase of the composition FeCo had already been 
assumed at an earlier date, and recent measurements of the specific 
weight and X-ray photographs seem to confirm this assumption. 

Study of the Iron-Nitrogen System. D. Séférian. (Revue de 
Industrie Minérale, Mémoires, 1936, Aug. 15, No. 376, pp. 901-914). 
Oxygen and nitrogen are both capable of combining with metals 
to form true alloys, the mechanical properties of which differ con- 
siderably from those of the original metal. The present paper deals 
only with the binary iron-nitrogen system, which is the most im- 
portant from the practical standpoint. 

Tantalum-Iron Alloys and Tantalum Steels. R. Genders and 
R. Harrison. (Iron and Steel Institute, Sept., 1936; this Journal, 
p. 173 P). 
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Fourth Report of the Corrosion Committee. (Iron and Steel 
Institute, Special Report No. 13, Sept., 1936; see p. 609 P). 

The Corrosion of Metals. T. P. Hoar. (Metal Industry, 1936, 
vol. 49, Aug. 21, pp. 177-183; Aug. 28, pp. 207-211). This review 
sets out to give a critical account of the research on metallic 
corrosion published within the last eight years. The attention of 
the author is confined to researches which have elucidated general 
principles of corrosion and its prevention. 

The Basis of the Modern Theory of Corrosion and Corrosion 
Passivity and its Application to the Problem of the Surface Protection 
of Metals. W.J.Miiller. (Berg- und Hiittenminnisches Jahrbuch, 
1936, vol. 84, Aug. 28, pp. 55-62). The history of the various 
corrosion theories is traced and a summary of the evolved electro- 
chemical theory given. The author concludes by stating that a 
metal will corrode if its natural or artificial surface layer contains 
pores in which more than 0-1 to 1% of the metal is present in its 
free state. The Splittgerber index, which requires a definite 
alkalinity of boiler feed water, is adduced in support of the theory. 

The. Progress of Corrosion Research: O. Bauer. G. Masing. 
(Angewandte Chemie, 1936, vol. 49, Sept. 12, pp. 661-662). This 
is an obituary of O. Bauer, the well-known German metallurgical 
research worker and Vice-President of the State Department for the 
Testing of Materials. The author combines an outline of Bauer’s 
career with a review of modern research into the causes and 
phenomena of corrosion. 

The Atmospheric Corrosion of Iron. G.Schikorr. (Zeitschrift fiir 
Elektrochemie, 1936, vol. 42, p. 107). The author presents the results 
of tests extending over two years in which mild steel plates were 
exposed to atmospheric corrosion for short periods and an attempt 
was made to correlate their corrosion with the meteorological con- 
ditions. He finds that, whilst there is no simple relationship 
between corrosion and rainfall, there is a distinct correlation between 
corrosion and the average relative humidity of the atmosphere, 
probably because both factors are affected by the duration of rainfall 
and, moreover, in winter both the relative humidity and the sulphur 
content of the atmosphere rise as the temperature falls. In addition, 
rusting is possible at relative humidities of over 70% even in the 
absence of liquid water as such; as regards this last point, the author 
observed, in agreement with W. H. J. Vernon, that previously- 
rusted specimens suffered appreciable further rusting when placed 
in an atmosphere of 93% humidity and slight rusting at 82% 
humidity but ceased to rust at 62°, humidity. Hence in the early 
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stages of corrosion the presence of rust on the steel tends to accelerate 
the attack. The author’s data also show, however, that in the later 
stages, after, say, a few months’ exposure, the rust retards corrosion 
by acting as a semi-protective layer; he adds that the formation 
of this semi-protective layer may have been hastened by the fact 
that the mild steel tested contained 0-14% of copper. 

The Corrosion Resistance of Low-Copper Steels. U. Gordenne. 
(Revue Universelle des Mines, 1936, vol. 12, Sept., pp. 365-368). 
Consideration is given to the influence of copper on the corrosion 
resistance of steel. The author describes a series of corrosion tests 
on steels for pilings and their results, and expresses the hope that 
his results will permit the future standardisation of the copper 
content in such steels. 

Recent Research into the Corrosion of Tin. D. J. Macnaughtan 
and E. 8. Hedges. (Revue de Métallurgie, Mémoires, 1936, vol. 33, 
July, pp. 431-437). This is a summary of recent work done under 
the auspices of the International Tin Research and Development 
Council, and presented in the form of a paper to the Seventh Inter- 
national Congress of Mining, Metallurgy and Applied Geology, Paris, 
Oct. 20-26, 1935. 
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(Continued from pp. 178 a—179 a) 


Contribution on Potentiometric Analysis in Steelworks. E. Feil. 
(Angewandte Chemie, 1936, vol. 49, Aug. 8, pp. 606-611). After 
describing briefly the apparatus required for carrying out potentio- 
metric analyses, the author gives details of the methods to be applied 
or the determination of iron in acid-soluble ores, slags, &c., and of 
sulphur in sodium sulphide solutions, pig iron, cast iron, steel and 
ores (pyrites, &c.). 

Determination of Manganese in 18-8 Corrosion-Resisting Steel. 
L. Silverman. (Industrial and Engineering Chemistry, Analytical 
Edition, 1936, vol. 8, Sept. 15, p. 383). A note on the use of aqua 
regia instead of sulphuric acid as solvent for steels of the 18-8 
(chromium-nickel) type. This solution method is faster than solu- 
tion in sulphuric acid, or directly in perchloric acid. It has the 
advantage that iron is not separated from solution by the zinc 
oxide, while the accuracy is claimed to be the same as that of the 
sulphuric acid solution method. 

Sulphur in Plain and Alloy Steels : A Critical Study of the Com- 
bustion Method. C. H. Hale, jun., and W. F. Muehlberg. (In- 
dustrial and Engineering Chemistry, Analytical Edition, 1936, vol. 
8, Sept. 15, pp. 317-321). A detailed description is given of the 
apparatus and procedure for the determination, within 15 minutes, 
of sulphur or of sulphur and carbon simultaneously, in all kinds 
of steels, by combustion of the steel in oxygen at a high temper- 
ature. The results for sulphur are slightly lower than the values 
commonly accepted as correct, but are consistent and reproducible 
and satisfactorily accurate for most practical purposes, particularly 
in high-alloy steels containing little sulphur. 

Determination of the Gases in Steel by the Hot Extraction Method. 
G. Thanheiser. (Iron and Steel Institute, Sept., 1936 ; this Journal, 
p. 359 P). 

Influence of Silicon, Manganese, Nickel and Chromium on the 
Determination of Oxygen in Iron and Steel by the Ledebur Method. 
H.Sawamura and H. Momata. (Memoirs of the College of Engineer- 
ing, Kyoto Imperial University, 1936, vol. 9, Feb., pp. 117-125). 
The results of an investigation undertaken confirmed that nickel 
has no influence, but that silicon, manganese, and chromium have 
a considerable influence on the results obtained by the Ledebur 
method for the determination of oxygen in iron and steel. It was 
also found that the complete reduction of the deoxidation products 
such as SiO,, MnO or Cr,0, by hydrogen is not impossible in this 
process, although it requires much time. This phenomenon is 
explained theoretically. 

The Determination of Non-Metallic Inclusions in Steel and Iron. 
E. W. Colbeck, 8S. W. Craven and W. Murray. (Iron and Steel 
Institute, Sept., 1936; this Journal, p. 251 P). 
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The Electrolytic Determination of Non-Metallic Inclusions in 
Iron and Steel. K. H. Kippe and O. Meyer. (Archiv fiir das 
Eisenhiittenwesen, 1936, vol. 10, Sept., pp. 93-100). The article 
describes tests made according to the electrolytic method of F. W. 
Scott, and using magnesium iodide as electrolyte. Owing to 
the contamination of the residue by ferric hydroxide, this method 
could not be used for the determination of inclusions containing 
ferrous oxide. The most suitable method was the electrolysis with 
two separate electrolytes, as advocated by R. Treje and C. Benedicks. 
This method was checked in the case of test melts and commercial 
steels. As is the case with all electrolytic processes, the method is 
limited by the carbon content; ferrous and manganous oxide can 
only be determined as a combined quantity. In the case of the steels, 
the oxygen values obtained by the hot extraction method were 
always lower than the values calculated from the electrolytic 
residue. In the case of alumina and silica, good agreement was 
obtained by the hydrochloric acid residue method. The authors 
conclude by stating that the electrolytic method is valueless for 
works laboratories. A number of difficulties even arise in scientific 
tests, so that it must be supplemented by another and different 
process. 

A New Method of Quantitative Emission-Spectrum Analysis, 
Applicable also as a Micro-Method. G. Scheibe and A. Rivas. 
(Angewandte Chemie, 1936, vol. 49, July 11, pp. 443-446). The 
authors describe a new method of carrying out spectrum analysis, 
for which they claim great accuracy. Very little solution of the 
elements to be tested for is required, and the preparation of the 
standard solutions is simple and rapid. The selection of spectral 
lines to be used can be decided without preliminary tests. The only 
limiting condition is that the elements whose lines are to be compared 
must be in solution in the one liquid together. 

Weighing and Sampling of Coal. P. B. Ridout and S. Brooks. 
(Gas World, 1936, vol. 105, Coking Section, Aug. 1, pp. 11-13). 
Coal being the chief item of expenditure on a coking plant, it is 
essential that the weight and quantity should be accurately deter- 
mined. This paper gives a description of the methods adopted to 
ascertain the weight and quantity of unwashed coal supplied to a 
merchant coking plant by an adjacent colliery. 
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(Continued from pp. 180 a—182 a) 


Buewt, W. C., jun. “ The Open-Hearth Furnace. Its Design, 


Construction and Practice.” Vol. I. 8vo, pp. xi-+ 276. 
Illustrated. Cleveland, Ohio, and London, 1936: The 
Penton Publishing Co., Ltd. (Price 16s.) 


This volume is the first of a series of three on the design, construc- 
tion, and practice, of the open-hearth furnace. In eleven chapters 
it deals with the history of the open-hearth furnace, with the economics 
of the process, and with the refractories and their use in different 
parts of the furnace. The greater part of the book is devoted to the 
refractories; Chapters III. and IV. deal with their properties, com- 
position, expansibility, conductivity, &c., and later chapters with 
their uses in the bottoms, walls and arches of the furnace. 

The fundamental equation for all series of heat transmission is 
given, and in a number of diagrams, Figs. 5 to 15, the values of R,, 
R,, &c., used in the equation can be read off direct. R, = thermal 
resistance of first refractory; R,, &c. = thermal resistances of sub- 
sequent refractories. The author shows that, given the details of 
any furnace structure and the refractory materials used, the thermal 
resistance may be found conveniently and quickly from the appropriate 
charts. 

In Chapter V., on furnace bottoms, is given a diagram showing the 
make-up of twenty-two furnace bottoms in use in America. This 
diagram is very illuminating, as it illustrates the widely divergent 
views of steelmakers on the most satisfactory thicknesses for furnace 
bottoms and depths of baths. The author analyses these figures, 
and then in a later diagram, Fig. 28, p. 91, gives the data for eleven 
furnace bottoms made up from a fixed thickness of ground magnesite 
and chrome brick with varying thicknesses of firebrick and insulating 
material. This figure, together with the data from Table XIX., 
shows that with bottoms of constant depth and an almost constant 
cost, the heat emission rate with varying thicknesses of insulation 
ranges from 638 to 786 B.Th.U. per sq. ft. per hr. This chapter repays 
careful study. The remaining chapters deal in the same satisfactory 
manner with the fronts, backs and roofs of furnaces, together with 
methods of bonding. 

The whole book is worth the very serious consideration of all steel- 
makers and furnace builders, as the author is the first to give, in print, 
the amount of attention to the construction and thermal efficiency 
of open-hearth furnaces that the subject demands. Moreover, he is 
able to indicate the lines of advance which are likely to be most fruitful. 

A book to be recommended. T. M. SERVICE. 


CaMPBELL, H. L. “ Metal Castings.” 8vo, pp. ix + 318. Illus- 


trated. New York, 1936: John Wiley and Sons, Inc.; 
London : Chapman and Hall, Ltd. 


Three aspects of the casting of metals may be distinguished, namely, 
the plant and materials required, the technique involved and the 
behaviour of metals during the casting operation. The present book deals 
with the first two and omits the third, and as the casting industry has 
been developing for centuries without giving much attention to this third 
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aspect it may be described as an essentially practical book. Recently, 
however, phenomena such as gas evolution, crystallisation, segregation 
and fluidity have been intensively studied, and it would have been 
appropriate if they had been considered in this volume, for although 
this omission does not detract from the value of the book as a survey 
of materials and processes it does reduce its value as a systematic 
account of one division of metallurgical knowledge and practice. 





sign, The book has been prepared to assist in the organised study of the 
276. materials and processes employed in the production of metal castings, 
The and there is no doubt of its value in this connection, particularly in 


its chapters dealing with general features such as foundry materials, 
moulding practice, core practice, and the design of metal castings. 


struc- As cast iron is the metal in which most castings are made, six chapters 
pters dealing respectively with melting, constitution, properties, classifica- 
antes tion, calculation of cupola charges, and malleable iron castings are 
ferent devoted to it. Steel castings are considered in one chapter, which 
0 the contains very brief descriptions of open-hearth, electric-furnace, 
com- converter and crucible processes as well as notes on the properties of 
with ) earbon and alloy steels. The non-ferrous metals are also dealt with 
q in one chapter, which contains a good general description of melting 
ion is equipment and short accounts of the casting and properties of copper, 
of Ry, aluminium, magnesium and their alloys, anti-friction metals and Monel 
ermal metal. 
f sub- In general the book may be described as a good account of the 
ala of | practical features of the casting operation, of iron-foundry practice, 
‘armal and of cast-iron, but the casting, properties and uses of the other metals 
priate are very briefly considered. J. M. Rosperrson. 
ng the Foster, P. F. “ The Mechanical Testing of Metals and Alloys.” 
ane The Theory and Practice of Standardised Mechanical Testing. 
‘unos 8vo, pp. ix + 263. Illustrated. London, 1936: Sir Isaac 
igures, Pitman and Sons, Ltd. (Price 15s.) 
eleven 


As mechanical testing is dealt with in books on physical metallurgy 


gnesite and strength of materials, as well as in books specifically devoted to 
ating K. new publications on the subject have not the advantage of novelty. 
XIX., On this account, those who read all that is published on testing might 
nstant require a new book to justify itself by being more comprehensive, or 
ulation by incorporating new and omitting obsolete material. In general, 
t.. ows ad however, new books are not required to supersede existing ones, nor 
factory to carry on from where they left off. If the subject is of wide im- 
r with portance, it is sufficient if they assemble the material differently, 
change the emphasis and generally present the subject in a manner 

| steel- : 4 : : as 
: that will appeal to a certain class of reader. It is on this basis, in 

: print, addition to the fact that it is in certain aspects right up-to-date, that 
iciency the present book is justified. There are two chapters at the beginning 
, he is dealing respectively with the elementary theory of elasticity and the 
ruitful. structure of metals. There is one at the end dealing with some test 
VICE. phenomena and results, e.g., upper and lower yield points, overstrain, 
strain-hardening, &c., but the book is mainly concerned with testing 

Tilus- machines and accessory apparatus and with the technique of testing. 
Inc. ; This is a subject that has not changed very much, except for the 
increased use of notched-bar, fatigue and creep tests, and the partial 

replacement of the Brinell by the Rockwell and Vickers machines. 

namely, In the realm of mechanical testing the aspect of greatest importance 
ind the at the present time—in so far as the relations between metals, testing 
ok deals and design are concerned—is the comparative significance that should 
stry has be attached to such measurements as elongation, reduction of area, 


his third fatigue limit, notch-sensitivity, damping-capacity, creep-limits and 
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impact toughness. Discussion of this would, however, be out of place 
in this book, which is intended for students and those whose work 
brings them into close touch with testing. In general, therefore, the 
book may be described as an informed, well-written, terse and essentially 
practical account of testing machines and their use, the tests dealt 
with being tension, bending, torsion, hardness, impact and fatigue. 

J. M. RoBertson. 


FrRrEBEL, W. ‘“‘ Handbuch der Dosenfertigung.” 8vo, pp. 99. 


Illustrated. Berlin, 1936: V.-D.-I. Verlag. (Price 10 RM.) 


This book will be particularly welcome, since it deals with an im- 
portant subject on which there is little published information. 

The first chapter describes briefly the manufacture and characteris- 
tics of tinplate in so far as they are of importance to the can manu- 
facturer, and discusses the purchasing and testing of the plate. In 
the remainder of the book, the author deals comprehensively and 
systematically with the various aspects of can making—body forming, 
soldering, stamping of tops and bottoms, sealing compounds, double 
seaming, can defects, testing, and finally the production of deep- 
drawn cans. The treatment of these topics is thoroughly practical, 
and the book is free from the generality which often characterises 
literature on subjects of this kind. Full details and numerous diagrams 
make it easy to follow the description of the various operations. The 
economic aspects of the subject receive careful attention, and there are 
useful figures on such matters as the consumption of solder and sealing 
compound in cans of different sizes. There are also examples illustrat- 
ing the cutting of blanks from tinplate, and the calculation of blank 
sizes for deep-drawn cans. 

It may be wished that the author had included some information 
on lacquers and lacquering from the can manufacturer’s point of view, 
but nevertheless the book will be found of considerable value. 

C. E. H. 


Mort, N. F.,and H. Jongs. ‘“ T'he Theory of the Properties of Metals 


and Alloys.” (The International Series of Monographs on 
Physics. R. H. Fowler and P. Kapitza. General Editors). 
8vo, pp. xiii + 326. Illustrated. Oxford, 1936: Clarendon 
Press; London: Oxford University Press, Humphrey 
Milford. 


The expression “‘ properties of metals and alloys” usually suggests 
to engineers and metallurgists something about casting, working, 
mechanical, or corrosion-resisting characteristics, and a book devoted 
to the theory of properties might be expected to deal with the theoretical 
rather than the practical aspects of these, e.g., with inverse segregation 
rather than with melting practice, with recrystallisation rather than 
extrusion, andsoon. Yet, although the title of this book is an accurate 
description of its contents, it is not concerned with the properties that 
have been most extensiveiy studied and speculated on by metal- 
lurgists. Books written by metallurgists usually begin by accepting 
metals as opaque, crystalline solids that are capable of conducting 
heat and electricity and exhibit various magnetic properties. With 
this as a starting point they proceed to consider alloying, casting, 
working, heat treatment, &¢., and the relation of these to testing and 
behaviour in service. The present book has been written, however, 
by physicists, and in general it may be said to explain what metal- 
lurgists usually accept—in other words, it is an account of the theory 
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of what Hume-Rothery called the “ metallic state.” It deals with 
the quantum theory of electrical conductivity, and shows that this 
has been able to account qualitatively for the dependence of resistance 
on temperature, pressure and the constitution of many metals and 
alloys. It also deals with the application of quantum mechanics to 
the explanation of magnetic properties and cohesion. These problems, 
and the crystal structure of metals and alloys, are considered in the 
last four chapters, while the first three are devoted respectively to the 
thermal properties of the crystal lattice, electrons in equilibrium in 
the crystal lattice, and motion of electrons in an applied field. Broadly, 
therefore, this book is concerned with metals as one type of substance, 
the nature and properties of which should be accountable for on the 
same ultimate basis as other substances. It regards metals from a 
much more fundamental point of view than that of metallurgists and 
engineers. It is addressed primarily to mathematical physicists, and 
its main interest to the ordinary metallurgist is that it reveals the 
remarkable progress that has been made in working out theories that 
account for phenomena that are too frequently assumed to provide 
free scope for speculation. J. M. RosBertson. 



































SESE LR REE Be 


————— 





( 2804 ) 


BIBLIOGRAPHY 





(Continued from pp. 183 Aa—187 A) 


ARKADIEV, V. ‘“‘ Electromagnetic Processes in Metals.”” Part 2: ‘‘ The 


Electromagnetic Field.” 8vo, pp. 304. Moscow and Leningrad, 1936. 
Obedinennoe Nauchno-Teknicheskoe Izdatelstvo Glavnaia Redaktsia 
Nnergeticheskoe Literatury. (Price 6.60 roubles.) 


Brunck, O. ‘“ Quantitative Analyse.” 8vo, pp. v + 223. Illustrated. 
Dresden und Leipzig, 1936: Verlag von Theodor Steinkopff. (Price 
9 RM.) 

BuELL, W. C., jun. ‘‘ The Open-Hearth Furnace. Its Design, Construction 
and Practice.’ Vol. I. 8vo, pp. xi + 276. Illustrated. Cleveland, 
Ohio, and London, 1936: The Penton Publishing Co., Ltd. (Price 16s.) 
[See notice, p. 276 A.] 


CaMPBELL, H. L. ‘“ Metal Castings.” 8vo, pp. ix + 318. New York, 
1936: John Wiley and Sons, Inc.; London: Chapman and Hall, Ltd. 
(Price 15s.) [See notice, p. 276 A.] 

CARNEGIE LiIBRARY OF PittsBuRGH. ‘ Iron and Steel Wire ; A Bibliography.” 
Compiled by Ralph H. Phelps. 4to, pp. 68. Pittsburgh, 1936: 
Carnegie Library of Pittsburgh. 

CARNEGIE LIBRARY OF PiTrsBuRGH. ‘Zinc Coating (Hot Galvanising) ; 
A Bibliography.’ Compiled by Victor S. Polansky. 4to, pp. 110. 
Pittsburgh, 1936: Carnegie Library of Pittsburgh. 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. “ Final Report 
of the Steel Structures Research Committee.” 8vo, pp. xxvii + 572. 
Illustrated. London, 1936: H.M. Stationery Office. (Price 12s. 6d.) 


DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH: LUBRICATION 
RESEARCH. TECHNICAL PaPER No. 1. ‘“‘ The Analysis of Commercial 
Lubricating Oils by Physical Methods.’’ Second edition. 8vo, pp. 
iv + 53. London, 1936: H.M. Stationery Office. (Price 1s.) 


Distr, E. ‘‘ Die Priifung von Gusseisen.”” (Schweiz. Verband fiir die Material- 
priifungen der Technik.) December, 1935. 4to, pp. 67. Illustrated. 


DurrerR, R. ‘ Erzeugung von Eisen und Stahl.” (Technische Fortschritts- 
berichte. Band 39). 8vo, pp. x + 159. Illustrated. Dresden und 
Leipzig, 1936: Verlag von Theodor Steinkopff. (Price 11 RM.) 


SNGELDER, C.J. ‘‘ A Textbook of Elementary Quantitative Analysis.’’ Second 
edition. 8vo, pp. xiv + 270. New York, 1936: John Wiley and 
Sons, Inc.; London: Chapman and Hall, Ltd. (Priee 13s. 6d.) 

ENGELDER, C. J., T. H. DUNKELBERGER and W. J. ScuHILLER. ‘‘ Semi-Micro 
Qualitative Analysis.” 8vo, pp. x + 265. New York, 1936: John 
Wiley and Sons, Inc.; London: Chapman and Hall, Ltd. (Price 

13s. 6d.) 














BIBLIOGRAPHY. 2814 


Foéprt, O. ‘ Aufschaukelung und Démpfung von Schwingungen.” Bd. 2 zu 
des Verfassers Buch: ‘‘ Grundziige der technischen Schwingungslehre.”’ 
(2 Aufl.) 8vo, pp. vi+ 121. Illustrated. Berlin, 1936: Julius 
Springer. (Price 8.40 marks.) 


Foster, P. F. ‘‘ The Mechanical Testing of Metals and Alloys.” The Theory 
and Practice of Standardised Mechanical Testing. 8vo, pp. ix + 263. 
Illustrated. London, 1936: Sir Isaac Pitman & Sons, Ltd. (Price 
15s.) [See notice, p. 277 A.] 

FRIEBEL, W. ‘‘ Handbuch der Dosenfertigung.”’ 8vo, pp. 99. Illustrated. 
Berlin, 1936: V.-D.-I. Verlag. (Price 10 RM.) [See notice, p. 278 a.] 

GittEs, C. ‘‘ Das Gusseisen.”’ Seine Herstellung, Zusammensetzung, 
Eigenschaften und Verwendung. Zugleich 2. Aufl. des zuerst von 
Joh. Mehrtens bearb. Heftes. (Werkstattbiicher fiir Betriebsbeamte, 
Konstrukteure und Facharbeiter. H. 19.) 8vo, pp. 48. Illustrated. 
Berlin, 1936: Julius Springer. (Price 2 marks.) 


HasstacHer, J. ‘‘ Der Werdegang der Rheinischen Stahlwerke.” 4to, pp. 58. 
Illustrated. Essen, 1936. 


HesBBERLING, H. “ Das Wichtigste vom Korrosionsschutz.” 8vo, pp. 45. 
Munich, 1936: Georg D. W. Callwey. (Price 2 marks.) 

Hermann, R. ‘ Warmeiibergang bei freier Strémung am waagerechten Zylinder 
in zweiatomigen Gasen.”’ (Forschungsheft 379.) 4to, pp. 24.  Illus- 
trated. Berlin, 1936: V.-D.-I. Verlag, G.m.b.H. (Price 4.50 marks.) 


Iron AND STEEL InstiTuTE. “‘ Special Report No. 13.’’ Fourth Report of 
the Corrosion Committee. 8vo, pp. xv + 240. Illustrated. London, 
1936: The Institute. (Price 16s.) 


Iron AND STEEL InstiItuTE. ‘Special Report No. 14.” First Report of 
the Alloy Steels Research Committee. 8vo, pp. vii + 262. Illustrated. 
London, 1936: The Institute. (Price 16s.) 


Iron AND STEEL INsTITUTE. ‘‘ Special Report No. 15.’’ Second Report of 
the Steel Castings Research Committee. 8vo, pp. vi + 117.  Illus- 
trated. London, 1936: The Institute. (Price 10s.) 


KoORROSIONSTAGUNG, 1935. ‘‘ Bericht iiber die Korrosionstagung 1935 am 18. 
und 19. November, 1935 in Berlin.” 8vo, pp. 120. Illustrated. 
Berlin, 1936: V.-D.-I. Verlag, G.m.b.H. (Price 7.50 RM.) 


Lanpott, H., and R. Bornstein. “ Physikalisch-chemische Tabellen. 5. 
umgearb. u. verm. Aufl.” Hrsg. von W. A. Roth und K. Scheel. 
Erg.-Bd. 3, Teil 3. 4to. Berlin, 1936: Julius Springer. (Price 
188 marks.) 


Licuty, L. C. ‘“‘ Thermodynamics: the Principles of Thermodynamics and 
their Application to Engineering Processes.’ 8vo, pp. 295. New York 
and London, 1936: McGraw-Hill Book Co., Inc. (Price 18s.) 


McKay, R. J., and R. WortHInGTon. ‘“‘ Corrosion Resistance of Metals and 
Alloys.” (American Chemical Society Monograph Series, No. 71.) 
8vo, pp. 492. New York, 1936: Reinhold Publishing Corporation ; 
London: Chapman and Hall, Ltd. (Price 35s.) 














282 a BIBLIOGRAPHY. 


Marston, A., and T. R. Aca. “ Engineering Valuation.” 8vo, pp. xiii + 
655. New York and London, 1936: McGraw-Hill Publishing Co., 
Inc. (Price 36s.) 

MELLoR, J. W. ‘‘ A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry.”” Vol. XV. 8vo, pp. viii + 816. Illustrated. London, 
New York and Toronto, 1936: Longmans, Green & Co. (Price 63s.) 


‘* Mitteilungen aus dem Institut fiir Eisenhiittenkunde der technischen Hochschule 
zu Aachen.’ Hrsg. von W. Eilender. Bd. 13, 1935. 4to. Aachen: 
Aachener Verlags- und Druckerei-Gesellschaft. 


Mort, N. F., and H. Jonses. ‘‘ The Theory of the Properties of Metals and 
Alloys.” (The International Series of Monographs on Physics. R. H. 
Fowler and P. Kapitza. General Editors). 8vo, pp. xiii + 326. 
Oxford, 1936: The Clarendon Press. (Price 25s.) [See notice, p. 278 A.] 


OsERHOFFER, P. ‘‘ Das technische Eisen. Konstitution und Eigenschaften.” 
Dritte verbesserte und vermehrte Auflage von W. Eilender und H. 
Esser. 8vo, pp. ix + 642. Illustrated. Berlin, 1936: Julius 
Springer. (Price 57 RM.) 


Pearson, E. 8. ‘‘ The Application of Statistical Methods to Industrial Stan- 
dardisation and Quality Control.” 8vo, pp. 161. Illustrated. London, 
1935: British Standards Institution. (Price 5s.) 


Perri, J. “ Ueber die Entkohlung von Ferrochrom.” (Darmstadt (Techn. 
Hochschule) Dr.-Ing.-Diss.) 8vo, pp. 63. Gelnhausen, 1935: F. W. 
Kalbfleisch. 


Scumipt, E. ‘‘ Einfiihrung in die technische Thermodynamik.” 8vo, pp. 
viii + 314. Illustrated. Berlin, 1936: Julius Springer. (Price 
15 marks.) 

SoNNEMANN, H. ‘“ Die Schwingungsfestigkeit und Ddmpfungsfahigkeit von 
handelsiiblichen Staéhlen und Kupfer und ihre Beeinflussung durch 
Kaltnietung.”’ (Mitteilungen des Wohler-Instituts Brunswick H. 28.) 
8vo, pp. 87. Illustrated. Brunswick, 1936: Friedr. Vieweg & Sohn. 
(Price 5 marks.) 


TIMOSHENKO, S. ‘“‘ Theory of Elastic Stability.” 8vo, pp. xv + 518. New 
York and London, 1936 : McGraw-Hill Book Co., Inc. (Price 36s.) 


UniTED STATES DEPARTMENT OF THE INTERIOR. BUREAU OF MINES. 
“* Minerals Yearbook,” 1936. 8vo, pp. xiii + 1136. Illustrated. 
Washington, 1936: Government Printer. (Price $2.) 


VEREIN DEUTSCHER INGENIEURE. ‘‘ Schweisstechnik II.” La. 8vo, pp. 67. 
Illustrated. Berlin: V.-D.-I. Verlag, G.m.b.H. 


VéetEeR, H. ‘ Gleichgewichtsuntersuchungen an den Sulfiden des Hisens und 
des Antimons in Gegenwart anderer Metallsulfide.” (Mit Schaubildern 
u. Zahlentaf.) (Miinster (Universitit), Naturwiss. Diss.) 


WENDT, R. E. ‘‘ Foundry Work.” New Third Edition. 8vo, pp. 240. 
Illustrated. London, 1936: McGraw-Hill Publishing Co., Ltd. 
(Price 12s.) 


2 

















BIBLIOGRAPHY. 283 a 


Woerinz, A. “ Analytische Chemie der Edelmetalle.” (‘‘ Die chemische 
Analyse.” Begrundet von B. M. Margosches. Herausgegeben von 
Wilhelm Béttger. Band XXXVI.) 8vo, pp. xi + 141. Illustrated. 
Stuttgart, 1936: Ferdinand Enke. (Price 14.80 marks.) 


Wotr, O. “ Priifung von Koksen fiir die Heizungstechnik und Einfluss der 
Kokseigenschaften auf ihr heiztechnisches Verhalten.”’ (Darmstadt (Techn. 
Hochschule), Dr.-Ing.-Diss.) 4to, pp. v + 72. Illustrated. 





